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CHAPTER  I 


INTRODUCTION  AND  OVERVIEW 

The  learning  curve  has  been  used  extensively  in  the 
aircraft  industry  during  the  last  thirty  years  to  assist  in  cost 
estimating  for  major  DOD  weapons  acquisition  programs.  Since 
the  introduction  of  the  basic  learning  curve  model,  a  number 
of  variations  have  been  developed  in  an  attempt  to  achieve  a 
greater  accuracy  in  predicting  actual  co?f  figures  [7:6]. 

The  post-World  War  II  years  constitute  an  era  of 
increasing  complexity  in  Department  of  Defense  (DOD) 
weapon  systems  acquisitions. .Although  primary  concern  has 
centered  on  the  effective  and  efficient  use  of  taxpayer 
dollars,  numerous  obstacles  make  this  objective  difficult 
to  achieve.  Tremendous  leaps  in  technology  have  resulted 
in  weapon  systems  of  previously  unimaginable  complexity 
and  cost.  Further  complicating  the  issue  is  the  need  to 
plan  the  acquisition  and  use  of  these  weapon  systems  over 
as  much  as  a  twenty-year  time  span  with  money  that  is 
appropriated  one  year  at  a  time.  Even  more  uncertainty  has 
been  added  by  shocks  to  the  U.S.  economy  in  the  form  of 
(1)  inflation,  (2)  increasing  cost  and  questionable 
availability  of  energy,  and  (3)  increased  competition  from 
foreign  countries  (2:1). 

These  conditions  contribute  to  cost  overruns  in  DOD 
weapons  systems  acquisitions  and  clearly  illustrate  the 
need  for  more  precise  techniques  to  estimate  weapon 
systems  cost.  The  experience  of  industry  and  the  DOD 
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indicates  that  direct  labor  is  a  significant  determinant 
of  cost.  This  research  will  focus  on  developing  a  more 
accurate  way  to  estimate  direct  labor  costs,  and,  more 
specifically,  the  effect  of  the  absence  of  production  rate 
data  on  estimating  these  direct  labor  costs. 

LIMITING  THE  PROBLEM 

At  the  outset  of  a  major  DOD  production  program,  a 
tentative  monthly  production  schedule  for  the  life  of  the 
program  is  negotiated  between  the  contracting  parties. 
This  schedule  permits  planning  for  such  items  as  work 
force  build-up,  facility  and  tooling  needs,  and  the 
ordering  of  long  lead  items.  Although  the  planning 
delivery  schedule  covers  the  life  of  the  program,  formal 
contractual  agreements  between  the  DOD  and  manufacturers 
usually  cover  only  annual  delivery  requirements.  Delivery 
requirements  for  subsequent  years  are  funded  through  the 
exercise  of  options  or  separate  contracts  as  funds  are 
appropriated  by  the  Congress  (14:2). 

These  multiple  year  programs  may  result  in  a  need  to 
change  the  production  rate.  For  example,  when  funding  for 
a  particular  year  is  insufficient  to  cover  the  production 
schedule  under  an  existing  production  plan,  it  may  be 
necessary  to  stretch  out  the  production  over  a  longer  time 
span.  A  national  emergency  or  changed  mission  requirement 


may  dictate  an  accelerated  rate  of  production.  When  such 
changes  in  delivery  schedules  are  required,  changes  in 
cost  estimates  are  also  required  to  support  contract 
negotiations  and  additional  funding  requests.  It  is 
suggested  that  the  rate  of  production  is  an  important 
independent  variable  that  can  be  used  to  help  project  the 
change  in  unit  costs  due  to  either  program  accelerations 
or  decelerations  (14:2).  In  some  instances,  however,  when 
actual  production  rate  data  are  not  available,  it  is  not 
known  if  a  reliable  proxy  exists  to  serve  for  these  data. 

Industrial  and  government  cost  estimators  have 
traditionally  used  learning  curve  techniques  to  estimate 
direct  labor  hours  required  in  production  (4:25).  Learning 
curve  theory  is  derived  from  the  relationship  between  the 
cumulative  number  of  units  produced  and  the  number  of 
direct  labor  hours  required  for  production.  In  other 
words,  as  a  worker  produces  more  of  a  giv«.J  item,  a 
certain  amount  of  "learning"  (proficiency)  occurs,  and  the 
number  of  hours  required  for  production  tends  to  decrease 
in  a  regular  pattern.  Learning  curve  theory  is  based  on 
the  following  assumptions: 

(1)  The  production  item  should  be  sizeable  and 
complex  and  should  require  a  large  amount  of  labor. 

(2)  The  majority  of  assembly  operations  should  not  be 
mechanized  or  machine-paced. 
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(3)  Learning  curves  applied  from  past  experience 
should  be  adjusted  for  any  differences  in  items, 
processes,  or  other  aspects  of  production. 

(4)  The  production  process  should  be  a  continuous  one 
and  the  item  and  product  changes  kept  to  a  minimum. 

(5)  Historical  data  should  be  available  to  compute 
the  curve,  since  estimated  data  have  low  reliability. 

(6)  There  should  be  no  external  production  rate 
changes  (4:231). 

The  last  assumption  is  unrealistic  for  DO D  weapon 
systems  acquisition.  Changes  in  production  rate  are  forced 
on  DOD  activities  quite  often.  There  has  been  considerable 
research  conducted  to  correct  this  apparent  limitation  of 
the  standard  learning  curve  model  (2:4).  These  studies 
will  be  discussed  later  in  this  chapter. 

One  of  the  most  promising  studies,  by  Larry  L.  Smith, 
resulted  in  a  model  for  airframe  production  which  improved 
the  basic  learning  curve  model  through  the  addition  of  a 
production  rate  variable.  Smith's  methodology  has  been 
replicated  for  aircraft  avionics,  engines,  and  missile 
systems  to  determine  its  validity  in  other  types  of 
production.  Further  replication,  using  proxies  as  a 
substitute  for  the  actual  production  rate  variable  is 
warranted,  and  forms  the  basis  of  this  research  effort. 


STANDARD  LEARNING  CURVE  MODEL 
T.  P.  Wright  is  generally  regarded  as  the  pioneer  of 
learning  curve  theory.  After  his  initial  research, 

learning  curve  tables  were  used  at  McCook  Field, 

Dayton,  Ohio  as  early  as  1925  (5:49-50).  Wright's  1936 
article  on  the  application  of  the  learning  curve  to 

aircraft  manufacturing  cost  estimation  is  widely  regarded 
as  the  initial  substantive  effort  in  mathematically 

modeling  the  learning  phenomenon  for  aircraft 

manufacturing  (16:2D26).  As  a  result  of  increased  aircraft 

production  during  World  War  II,  the  U.S.  Government 

sponsored  a  statistical  analysis  by  the  Stanford  Research 
Institute  on  World  War  II  airframe  direct  labor  data.  The 
Stanford  study  resulted  in  two  important  achivements:  (1) 
it  confirmed  the  learning  curve  effect  on  World  War  II 
production,  and  (2)  it  demonstrated  the  value  of  a 
learning  curve  model  for  use  in  cost  analysis 

(16:2D26-27) . 

It  can  be  intuitively  discerned  that  for  labor  production 
processes  which  are  repetitious,  each  successive  equivalent 
unit  of  production  will  require  fewer  direct  manhours,  and  that 
the  manhours  required  decrease  at  a  decreasing  rate.  This 
phenomenon,  known  as  the  learning  or  experience  curve,  has 
two  basic  variations.  The  variation  validated  by  the  Stanford 
study  is  known  as  the  "unit  curve"  or  the  "Boeing  theory", 
and  can  be  expressed  mathematically  by  the  formula: 

Y  =  AXb 

where: 

Y  represents  the  direct  labor  hours  for  the  "xth"  unit. 


X  represents  the  total  number  of  units  manufactured  in 
the  process , 

A  represents  the  number  of  labor  hours  to  produce  the 
first  unit  manufactured  in  the  process,  and 

b  represents  the  slope  parameter  or  a  function  of  the  im¬ 
provement  rate  [2:7]. 

The  slope  of  the  curve  can  be  expressed  as  a 
percentage,  which  is  the  ratio  between  the  per  unit  cost  at 
any  unit  and  the  percent  cost  at  double  that  number  of 
units  [3:199]. 

The  "cumulative  average"  or  "Northrop"  variation 
(described  by  Wright  in  his  1936  article)  measures  the 
average  cost  for  X  units  rather  than  the  cost  for  the  xth 
unit.  Its  mathematical  form  is: 


7  =  AXB 


where: 

7  represents  the  cumulative  average  cost  of  all  production 
up  to  and  including  the  xth  unit. 

The  other  parameters  are  the  same  as  for  the  unit  curve 
theory  [2:7] . 

While  the  Boeing  and  Northrop  models  can  be 
manipulated  in  the  same  manner,  the  user  should  be  aware 
of  the  difference  between  the  unit  cost  and  the  cumulative 
unit  cost  measured  by  these  respective  models  [7:7-9]. 

As  stated  above,  the  basic  learning  curve  model  can 
be  manipulated  by  either  unit  cost  or  cumulative  unit 
cost.  The  unit  learning  curve  (unit  cost)  of  the  basic 
learning  curve  will  be  the  model  used  for  the  remainder  of 
this  paper.  Also,  for  purposes  of  this  research,  the  basic 
learning  curve  model  will  later  be  referred  to  as  the 
"reduced  model." 
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Limitations  of  the  Standard  Learning  Curve  Model 

Probably  due  to  its  simplicity,  intuitive  appeal,  and 
long  history,  the  basic  learning  curve  model  is  still  widely 
used.  However,  the  learning  curve  model  does  not  take  into 
account  the  exogenous  changes  in  the  rate  of  production. 
Those  exogenous  changes  are  a  concern  to  researchers 
because  of  their  effect  upon  the  total  direct  labor 
requirements. 

Concern  about  exogenous  changes  in  production  rate  is 
justified  by  the  following  factors:  (1)  workers  will  adjust 
according  to  pressure  to  speed  up  or  slow  down  production; 
(2)  as  more  workers  are  employed,  the  distribution  of  tasks 
to  each  individual  worker  should  narrow;  and  (3)  at  higher 
production  rates,  tooling  costs  and  set-up  costs  can  be 
more  widely  allocated  to  larger  number  of  units. 

Fiscal  prudence  dictates  that  each  echelon  within  DOO 
strive  for  accurate  cost  prediction  in  order  to  budget, 
manage,  and  control.  It  naturally  follows  that  the 
importance  of  production  rates  in  cost  estimating  must  be 
investigated  fully,  and  that  DOO  buyers  must  consider  the 
effects  of  production  rate  changes  throughout  the 
acquisition  process  [15:11]. 


HISTORY  OF  EFFORTS  TO  ADD  PRODUCTION  RATE  VARIABLE 
The  focus  of  this  research  involves  the  addition  of 
the  production  rate  variable,  in  the  form  of  a  proxy,  as  a 
second  independent  variable  in  the  learning  curve  model. 
This  section  will  present  a  chronological  history  of  some 
of  the  more  important  work  that  has  been  done  in  this 
regard.  The  list  is  not  exhaustive,  and  is  intended  only 
to  provide  the  reader  with  a  summary  of  the  most  widely 


recognized 

research  efforts 

in 

this  field.  Not 

all 

researchers 

have  agreed  as 

to 

the  usefulness  of 

the 

production 

rate  variable.  However,  recent  efforts 

show 
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great  promise  for  the  production  rate  to  aid  in  more 
accurate  predictions  of  labor  requirements.  If  this 
research  effort  substantiates  the  contention  that  a  proxy 
can  be  used  in  place  of  the  production  rate  variable  in 
the  learning  curve,  DOD  researchers  will  have  the 
opportunity  to  complete  research  efforts  where  the 
production  rate  variable  is  not  available. 

Harold  Asher  (19S6) 

Asher  examined  the  relationship  between  cost  and 
quantity  in  the  airframe  industry.  Using  empirical  data 
from  several  airframe  production  programs,  he  subjectively 
evaluated  the  effect  of  the  production  rate  on  direct 
labor  hour  requirements.  Asher  identified  two  ways  in 
which  the  production  rate  could  affect  unit  labor  cost. 
First,  it  can  affect  the  amount  of  machine  set-up  time 
charged  to  each  unit  of  production.  Second,  it  can  affect 
the  number  of  subassemblies  in  the  manufacturing  process, 
which,  in  turn,  affects  the  number  of  hours  of  subassembly 
work  charged  to  each  unit.  He  concluded  that  production 
rate  was  not  very  important  as  a  predictor  when  compared 
to  the  effect  of  cumulative  production  (3:86-87). 

Alchian  and  Allen  (1964) 

Alchian  and  Allen  advanced  the  idea  that  production 
cost  is  dependent  on  three  production  variables:  (1)  total 
volume  of  the  item  to  be  produced,  (2)  production  rate, 
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and  (3)  amount  of  time  from  the  decision  to  produce  until 
the  first  output  occurs  (14:19).  They  drew  three  major 
conclusions.  First,  larger  total  volumes  lead  to  smaller 
unit  costs  because  of  increased  product  standardization 
that  accompanies  larger  volume.  Second,  unit  costs 
increase  with  increasing  production  rates  because  more 
overtime  and  less  efficient  workers  are  needed  to  support 
the  increased  production  rate.  Third,  the  cost  variable 
increases  if  the  initial  production  start-up  time  is 
compressed.  They  explained  that  less  efficient  procedures 
are  used  than  if  time  were  allowed  to  prepare  properly  for 
production.  Subsequent  effort  expended  to  correct  these 
inefficiencies  results  in  higher  unit  costs  (1:308-322). 

Although  Alchian  and  Allen  did  not  test  their 
conclusions  on  actual  data,  their  ideas  may  have 
application  to  the  airframe  industry  (14:20). 

Gordon  J.  Johnson  (1969) 

Johnson  predicted  labor  requirements  for  rocket 
motors  using  an  additive  model  which  considered  both  the 
rate  effect  and  the  learning  effect.  The  model  he  used 
was: 

y  =  A  +  BXj  +  CX* 

where: 

y  represents  direct  labor  hours  per  month. 


X.  represents  production  rate  in  equivalent  units 
per  month, 

X-  represents  cumulative  units  produced  as  of  the 
2  end  of  the  month,  and 

A,  B,  C  and  Z  are  mode)  parameters. 

Johnson  regressed  this  model  against  four  sets  of 
rocket  motor  data.  His  results  are  shown  in  Table  I.  As 
depicted  in  the  table,  Johnson  had  good  results  (high  R2) 
with  data  sets  1  and  4,  fair  results  with  data  set  2  and 
poor  results  with  data  set  3.  Johnson  explained  data  set  3's 
poor  results  as  being  due  to  an  inadequate  accounting 
system  used  by  the  manufacturer.  He  concluded  that  the 
production  rate  is  a  significant  determinant  of  direct  labor 
requirements  [7:10]. 


Joseph  A.  Orslni  (1970) 

Orsini  (12:57-80)  tested  Johnson's  rocket  motor  model 
using  airframe  data  from  the  C- 141  program.  He  employed 
the  following  procedure:  (1)  regression  analysis  was 
performed  on  the  data  using  the  standard  unit  learning 
curve  model,  (2)  regression  analysis  was  again  performed 
using  Johnson's  three  dimensional  additive  model  that 
incorporated  rate  of  production,  and  (3)  analysis  was 
performed  after  converting  Johnson’s  additive  model  into  a 
multiplicative  one  which  is  stated  as  follows: 

Y  =  e®0  •  y^1  •  X®2 

where: 

Y  represents  the  direct  labor  hours  per  quarter, 

X1  represents  the  number  of  units  produced  per  quarter, 

X,  represents  the  cumulative  number  of  units  produced 
2  as  of  the  end  of  the  quarter, 

10 


r 


TABLE  1 


SUMMARY  OF  JOHNSON'S  REGRESSION  ANALYSIS 


of 

Coefficients  „ 
Determination  (R^) 

Regression  Variables 

Data 

Set 

1 

2 

3 

4 

Labor  Hours 
vs. 

Cumulative  Units 

.753 

.395 

.0067 

.763 

Labor  Hours 
vs. 

Cumulative  Units 
and 

Production  Rate 

.932 

.808 

.308 

.927 

Source:  [9:34] 


T 


B  ,  B  ,  and  B  are  model  parameters  and  e  is  the 

o  1  2 

base  of  the  natural  logarithms  {2:11-12]. 

Orsini  concluded  that  (1)  inclusion  of  the  production  rate 
as  an  independent  variable  significantly  improved  the 
predictive  ability  of  both  the  additive  and  multiplicative 
models,  and  (2)  the  multiplicative  model  performed  better 
as  a  predictor  than  did  the  additive  one  because  it 
eliminated  the  need  to  estimate  the  parameter  Z  (12:71). 


Large,  Hoffmayer,  and  Kontrovich  (1974) 

During  an  effort  to  develop  a  general  model,  Large, 
Hoffmayer,  and  Kontrovich  examined  data  from  major 
airframe  acquisitions  relating  to  the  effect  of  production 
rate  on  cost.  The  model  used,  according  to  Smith 


(14:29-30), 


is  of  the  form: 


...  .  BCD 

Yi  =  A  •  w  •  s  •  r 


where: 


Yi  represents  the  cumulative  direct  manufacturing 
labor  hours  through  unit  number  i, 

w  represents  the  program  average  Defense  Contractor 
Planning  Report  (DC PR)  weight  expressed  in  pounds, 

s  represents  the  maximum  design  airspeed  in  knots, 

r  represents  the  production  rate  expressed  as  the 

acceptance  span  in  months  for  the  first  i  airframes. 

(For  their  investigation.  Large,  Hoffmayer,  and  Kontrovich 
chose  i  arbitrarily  to  be  100  or  200),  and 

A,  B,  C  and  D  are  modal  parameters  (2:12). 
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Large,  Hoffmayer,  and  Kontrovich  concluded  that  the 
effects  of  the  production  rate  could  not  be  predicted  with 
confidence,  especially  in  the  early  stages  of  a  major 
acquisition.  They  concluded  that  each  case  must  be 
considered  separately  (10:50-51).  Smith  (14:31)  indicated 
that  the  use  of  an  acceptance  span  as  a  proxy  for 
production  rate  masked  the  true  effect  of  the  production 
rate  because  of  the  resultant  averaging  effect. 

Joseph  Noah 

Noah  analyzed  cost  data  to  find  the  effect  of 
production  rate  on  airframe  costs.  His  model  for  the  data 
was: 

y  =  ^  •  X®  •  Xj  •  X j 

where: 

y  represents  average  direct  labor  hours  per  pound  of 
airframe  for  each  airframe  lot, 

e  is  the  base  of  the  natural  logarithm, 

X.  represents  the  cumulative  volume  in  pounds  of  aircraft 
produced  by  the  midpoint  of  each  airframe  lot, 

X,  represents  the  production  rate  in  average  pounds  of 
*  airframe  delivered  per  month  for  the  entire  period, 

X.  represents  the  annual  volume  of  aircraft  In  airframe 
pounds,  and 

A,  B,  C,  and  D  are  model  parameters. 

Noah  averaged  the  estimated  regression  coefficients  from 
two  sets  of  data,  one  on  the  F-4  and  the  other  on  the  A-7, 
and  tried  to  develop  a  generalized  cost  model.  Smith  felt 
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that  this  approach  was  questionable  and  that  the  model 
needed  to  be  tested  on  additional  aircraft  programs  to 
determine  if  it  did  actually  serve  as  an  accurate  predictor. 
Also,  Smith  stated  that  while  the  lot  average  airframe 
delivery  rate  was  a  practical  representation  of  the 
production  rate,  the  average  delivery  rate  variable 
appeared  to  lag  the  average  expenditure  of  hours  required 
to  produce  the  airframes  delivered  [7:10,12]. 


Larry  L.  Smith  (1976) 

Smith  developed  a  model  for  airframe  production  that 
included  a  production  rate  variable  to  test  the  idea  that 
production  rate  changes  can  explain  changes  in  direct 
labor  requirements  (14:35).  He  adapted  a  modified  version 
of  Orsini's  multiplicative  model  as  follows: 


Y. 


B_ 


where: 

Y.  represents  the  unit  average  direct  hours  needed  to 
1  output  each  pound  of  airframe  in  lot  i, 

X 1  j  represents  the  cumulative  learning  accrued  from 

experience  on  all  airframes  of  the  same  type  through 
lot  i, 

X_.  represents  the  p'roduction  rate  of  lot  I  for  all  airframes 
of  the  same  type, 

e.  represents  the  variation  of  each  dependent  variable 
'  which  is  not  explained  by  the  two  independent 
variables, 

Bq,  B; ,  and  B2  are  parameters  in  the  model  [14:43]. 


Smith  also  linearized  the  model  to  facilitate  multiple- 
linear  regression.  The  linearized  form  was: 


Log  Yi  =  Log  Bq  +  B1  Log  Xli  +  B2  Log  X2i  +  ei  (14:45). 


To  test  the  accuracy  of  his  model  versus  the  standard 
learning  curve  model,  Smith  employed  a  "reduced"  model 
which  was  merely  his  model,  or  "full"  model,  minus  the 
production  rate  variable.  The  "reduced"  model  was  a  unit 
learning  curve  model  as  follows: 

Y  =  B  *  X®1,  •  lO®1  (13:43). 
i  o  li 

Regression  of  historical  data  with  each  model  allowed 
Smith  to  identify  the  contribution  of  predictive  ability 
by  the  production  rate  variable  (15:17-18). 

Evaluating  data  from  the  F-4,  F-102,  and  KC-135 
airframe  production  programs,  Smith  reached  the  following 
conclusions:  (1)  in  each  case,  the  production  rate 
variable  was  negatively  correlated  with  unit  direct  labor 
requirements,  (2)  both  proxies  to  the  production  rate 
variable  were  important  contributors  to  the  full  model's 

O 

predictive  ability,  and  (3)  as  evidenced  by  the  R  values 
he  obtained,  the  full  model  more  closely  fit  the  data  than 
the  reduced  model  (14:142-146).  Tables  2  and  3  summarize 
Smith's  regression  analysis  and  predictive  ability  test 
results. 

Congleton  and  K  inton  (1977) 

Using  the  same  methodology,  Congleton  and  Kinton 
replicated  Smith's  research  for  the  T-38  and  F-5  airframe 


15 


production  programs.  They  reached  the  same  basic 

conclusions  as  Smith;  however,  in  one  of  the  thirty  test 

2 

situations  they  reported  that  R  was  higher  for  the 
reduced  model  than  for  the  full  model,  but  by  less  than 
one  percent  (6:91-93). 

Stevens  and  Thomerson  (1979) 

Stevens  and  Thomerson  replicated  Smith's  model  for 
aircraft  avionics  systems.  Specifically,  they  examined  the 
Magnavox  ARC-164  radio,  applying  the  methodology  set  forth 
by  Smith.  Stevens  and  Thomerson  formed  the  following 
conclusions:  (1)  production  rate  was  a  significant  factor 
in  explaining  variations  in  direct  labor  hours  in  nine  out 
of  ten  cases,  (2)  the  predictive  ability  of  the  full  model 
was  better  than  that  of  the  reduced  model  for  eighteen 
months  into  the  future,  (3)  the  standard  learning  curve 
(reduced)  model  consistently  overestimated  direct  labor 
hours  while  the  full  model  stabilized  predictions  over  an 
extended  interval,  (4)  regression  coefficients  are  unique 
to  the  program  for  which  they  are  derived,  and  (5)  the 
overall  applicability  of  Smith's  model  has  wide  potential 
and  can  be  tailored  to  various  other  programs 
(15:102-104). 

Crozier  and  McCann  (1979) 

Crozier  and  McGann  also  replicated  Smith's  research. 
They  applied  both  the  reduced  model  (standard  learning 
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TABLE  3 

SUMMARY  OF  SMITH'S  PREDICTIVE  ABILITY 
TEST  RESULTS 

Test  Situation  Number  Percentage  Deviation* 

Full  Model  Reduced  Model 


1 

-2.6 

14.5 

2 

2.2 

13.6 

3 

Not  Reported 

13.6 

4 

1.8 

5.3 

5 

3.1 

5.3 

6 

-7.8 

Not  Reported 

7 

t 

Not  Reported 

8 

-0.7 

1.1 

9 

-4.2 

1.1 

10 

-1.1 

5.6 

11 

3.5 

Not  Reported 

12 

2.2 

-3.3 

13-16 

§ 

§ 

♦These  tests  were  conducted  as  described  in  Chapter  II 
of  this  research.  All  percentages  are  rounded  to 
nearest  tenth. 

t Smith  reported  the  results  were  deviations  greater 
than  those  for  test  situation  6,  but  did  not  report 
a  value  (14:96) . 

§Smith  reported  that  predictive  ability  tests  were  im¬ 
practical  for  situations  13  through  16  because  obser¬ 
vations  were  limited  to  seven  (14:71-131). 


Source:  [2:16]. 
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curve)  and  the  full  model  to  three  aircraft  engine 
programs:  (1)  the  General  Electric  J-79,  (2)  the  Allison 
TF-41,  and  (3)  the  Pratt  and  Whitney  F-100.  They  found 
that  the  production  rate  significantly  explained  variation 
in  direct  labor  hours  in  three  of  the  six  cases  examined, 
with  especially  good  results  on  the  F-100  engine.  On 
engine  programs,  the  full  model  was  a  better  predictor 
than  the  reduced  model.  Crozier  and  McGann  concluded  that 
the  results  when  using  Smith's  model  depend  a  great  deal 
on  the  type  of  weapons  system.  This  last  finding  justifies 
the  need  for  more  replication  efforts  of  Smith's  model 
(7:92-94). 

Allen  and  Farr  (1980) 

The  findings  of  Allen/Farr  are  crucially  important  to 
this  research  effort.  They  replicated  Smith's  model  for 
the  Maverick  and  SRAM  missile  programs,  utilizing  twelve 
models  in  their  research  methodology.  Smith's  model  was 
replicated  for  the  fabrication,  assembly,  and  test 
components  of  the  two  missile  programs  and  Allen/Farr 
concluded  that  the  production  rate  was  found  to  explain  a 
significant  amount  of  variation  in  direct  labor  hours  in 
nine  of  the  twelve  models  examined.  Enough  support  was 
evident  to  conclude  that  the  production  rate  variable 
should  be  considered  when  evaluating  missile  production 
programs.  Whereas  Allen/Farr  used  the  production  rate  as 
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the  second  independent  variable  in  the  full  model,  this 
research  will  use  their  data  and  substitute  a  proxy  for 
the  production  rate  variable.  This  substitution  will  test 
the  reliability  of  the  proxy  as  a  substitute  when 
production  rate  data  are  not  available.  The  details  of 
this  proxy  and  its  application  to  the  model  are  discussed 
later  in  this  paper. 

RESEARCH  PROBLEM  STATEMENT 
Past  research  efforts  have  shown  that  changes  in 
production  rate  affect  direct  labor  hours  for  continuing 
weapon  systems  production  programs.  These  past  research 
efforts  used  the  number  of  end  items  completed  during  an 
accounting  month  as  their  measure  of  production  rate.  This 
measurement  of  production  rate  is  not  always  accessible 
for  the  following  reasons:  (1)  the  contractor  may  be 
unwilling  to  furnish  the  data,  or  (2)  the  contractor  may 
not  collect  the  data  in  a  format  suitable  for  use  in 
learning  curve  analysis.  Whenever  the  actual  production 
rate  data  is  not  available,  a  proxy  must  be  employed  in 
its  place.  One  easily  accessible  proxy  for  actual 
production  rate  is  the  DD  Form  250  acceptance  rate.  This 
form  is  always  used  in  DOD  weapon  system  production 
programs  to  document  end  item  acceptance  and  is  readily 
available  to  DOD  researchers.  The  use  of  a  proxy,  such  as 
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the  DD  Form  250  acceptance  rate,  in  lieu  of  actual 
production  rate  data  in  predicting  direct  labor  hours  for 
continuing  weapon  system  production  programs  is  not  known. 

RESEARCH  OBJECTIVE 

The  objective  of  this  research  is  to  determine  if  the 
DD  Form  250  acceptance  rate  can  be  substituted  for  the 
actual  production  rate  variable  contained  in  Smith's  model 
without  compromising  the  predictive  ability  of  that  model. 

RESEARCH  HYPOTHESIS 

The  predictive  ability  of  Smith's  model  is  not 
compromised  by  the  substitution  of  the  DD  Form  250 
acceptance  rate  for  the  actual  production  rate  variable. 

PLAN  OF  DEVELOPMENT 

With  the  problem  narrowed  and  the  objective  outlined, 
the  next  chapter  is  devoted  to  a  discussion  of  the 
methodology  for  testing  the  research  hypothesis.  A  brief 
summary  of  assumptions  and  limitations  about  the 
methodology  will  close  Chapter  II.  Chapter  III  will 
contain  the  data  analysis  and  evaluation.  Finally, 
Chapter  IV  will  contain  the  summary,  conclusions,  and 
recommendations  of  this  research. 
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CHAPTER  II 


RESEARCH  METHODOLOGY 

This  chapter  outlines  the  procedures  used  to  test  the 
research  hypothesis.  The  chapter  is  divided  into  five 
sections  as  follows: 

(1)  Restatement  of  Objective, 

(2)  Model  Definition,  Variables,  and  Assumptions, 

(3)  Data  Collection, 

(4)  Analysis  Methodology,  and  * 

(5)  Summary. 


RESTATEMENT  OF  OBJECTIVE 

The  objective  of  this  research  is  to  determine  if  the 
DD  Form  250  acceptance  rate  can  be  substituted  for  the 
actual  production  rate  variable  contained  in  Smith's  model 
without  compromising  the  predictive  ability  of  that  model. 


MODEL  DEFINITION,  VARIABLES.  AND  ASSUMPTIONS 
Model  Definition 

Chapter  I  discussed  the  two  models  used  by  Smith, 
which  he  called  the  "full  model"  and  the  "reduced  model." 
For  ease  of  reference,  the  two  models  are  repeated. 

The  reduced  model  is  the  basic  learning  curve  stated 


as: 


Yi  “  Bo 


cBl 
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In  the  full  model,  the  production  rate  variable  is  added 
as  follows: 


Yi  =  Bo 


* 


xB* 

x2i 


10 


ei 


Model  Variables 

The  three  variables  used  in  this  analysis  were: 

(1)  direct  labor  hours  per  missile  produced,  (2) 
cumulative  number  of  missiles  produced,  and  (3)  the 
DD  Form  250  acceptance  rate  as  a  proxy  for  the  missile 
production  rate.  Since  it  was  considered  desirable  to 
improve  the  ability  to  predict  the  direct  labor  hours 
required  per  missile,  direct  labor  was  treated  as  the 
dependent  variable.  Cumulative  missiles  produced  and  the 
acceptance  rate  were  considered  the  independent  variables. 
The  Direct  Labor  Hours  Variable.  Direct  labor  is  usually 
measured  in  hours,  although  it  is  occasionally  measured  in 
dollars.  Whenever  the  data  are  expressed  in  dollars,  care 
must  be  taken  to  accurately  account  for  inflation.  The 
primary  determinants  of  total  direct  labor  are  (1) 
fabrication  labor,  (2)  assembly  labor,  and  (3)  test  labor. 
Depending  on  the  individual  contractor,  the  data  may  be 
expressed  as  total  labor  or  any  combination  of  the 
component  parts  (fabrication,  assembly,  and  test).  The 
exact  measure  of  the  data  is  unimportant  as  long  as  a 
consistent  unit  of  measurement  is  maintained  (2:21).  This 
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research  will  measure  total  direct  labor  in  hours. 


Referring  again  to  the  reduced  and  full  models,  direct 
labor  is  depicted  by  the  variable  represents 

direct  labor  hours  required  for  each  missile,  where: 

Y  =  total  direct  labor  hours  per  accounting  month, 

Y  =  unit  index  portion  of  total  direct  labor  hours 

per  accounting  month, 

Y  .  =  standard  hours  portion  of  total  direct  labor 

hours  per  accounting  month, 

Y.  =  fabrication  direct  labor  hours  per  accounting 
month, 

Y.  ■  unit  index  portion  of  fabrication  direct  labor 
hours  per  accounting  month,  and 

Y.  .  =  standard  hours  portion  of  fabrication  direct 
labor  hours  per  accounting  month. 

The  Cumulative  Output  Variable.  Records  are  normally  kept 

for  the  number  of  missiles  completed  each  month.  The 

cumulative  output  is  the  total  number  of  missiles 

completed  since  the  beginning  of  the  production  program  as 

of  the  end  of  a  specific  accounting  month  (2:22).  The 

cumulative  output  variable  is  depicted  by  the  variable 

X^  and  represents  the  cumulative  output  of  all  missiles 

through  the  itb. 

The  Acceptance  Rate  Variable.  The  production  rate  is  the 
number  of  missiles  completed  during  an  accounting  month. 
For  some  production  processes,  the  production  rate  is 
difficult  to  accurately  assess.  Whenever  this  situation 
occurs,  a  proxy  must  be  developed  for  the  production  rate. 
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Commonly  used  proxies  are  the  delivery  rate  and  the 
acceptance  rate  (2:22).  The  production  rate  variable  used 
in  this  research  effort  will  be  the  missile  acceptance 
rate,  earlier  referred  to  as  the  DD  Form  250  acceptance 
rate.  The  acceptance  rate  is  depicted  by  the  variable  X2i 
and  represents  the  acceptance  rate  of  the  missiles  in 
group  i. 

Miscellaneous  Variables,  e1  represents  the  variation  which 
is  left  unexplained  by  the  variables  in  the  model  and  BQ, 
B^,  and  B2  are  the  regression  coefficients  for  the  model. 

In  order  to  use  multiple  linear  regression  to  analyze 
the  two  models,  they  were  transformed  to  a  linear  form  by 
taking  the  logarithm  of  each  term.  The  logarithmic  form  of 
the  reduced  model  is: 

Log  ■  Log  Bq  +  B1  Log  +  e.^ 

The  logarithmic  form  of  the  full  model  is: 

Log  Yi  =  Log  Bq  +  Bj^  Log  XXi  +  Bg  Log  X2i  +  ei 

Assumptions 

The  statistical  significance  of  the  results  of  the 
regression  will  be  tested  using  appropriate  F-distribution 
statistics.  To  establish  the  validity  of  these  tests,  it 
is  necessary  to  make  some  assumptions  concerning  the  error 
terms  in  the  model.  First,  the  error  terms  are  assumed  to 
be  normally  distributed  with  a  mean  of  zero  and  equal 
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variance.  Second,  the  error  terms  are  assumed  to  be 
independent  of  each  other  and  of  the  independent  variables 
(11:30-31). 

A  third  assumption  concerns  a  problem  which 
frequently  develops  in  multiple  linear  regression,  that  of 
multicollinearity .  Multicollinearity  exists  when  there  is 
a  high  correlation  between  or  among  independent  variables, 
which  in  this  research  are  cumulative  output  and 
acceptance  rate.  If  a  strong  correlation  exists  between  or 
among  independent  variables,  the  F-test  may  find  the 
marginal  contribution  of  one  or  more  variables  to  be 
statistically  insignificant  when,  in  fact,  they  may  be 
good  explainers  of  variation  in  the  dependent  variable  if 
considered  separately  (11:341). 

While  multicollinearity  can  be  a  serious  problem  if 
the  model  is  to  be  used  for  control,  it  is  not  as  serious 
a  problem  when  the  purpose  of  the  model  is  to  predict,  as 
is  the  case  in  this  research  (11:342).  The  contribution 
made  by  adding  the  acceptance  rate  to  the  reduced  model 
will  be  subjectively  evaluated  by  comparing  predictions  of 
the  reduced  model  to  those  of  the  full  model.  Therefore, 
it  is  assumed  the  varying  degrees  of  multicollinearity 
will  have  no  substantial  impact  on  the  short-range 
predictive  abilities  of  the  models  (2:24). 
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DATA  COLLECTION 


As  in  all  previous  research  using  Smith's  model, 
accessibility  of  data  is  a  very  important  determinant  in 
selecting  the  particular  program  to  be  studied.  The  data 
must  be  the  actual  historical  data  rather  than  estimates. 
The  data  represents  a  census  rather  than  a  sample  and 
statistics  derived  for  each  individual  population  are, 
therefore,  descriptive  of  only  that  population. 
Consequently,  the  information  derived  is  applicable  only 
to  the  program  being  studied  in  this  research.  The 
regression  coefficients  found  in  this  research  must  not  be 
indiscriminately  applied  to  other  missile  production 
programs. 

The  data  furnished  by  the  Hughes  Aircraft  company 
consisted  of  total  direct  labor  requirements  and 
production  history  for  the  total  Maverick  missile 
production.  Full-scale  production  commenced  April  1972  and 
continued  without  interruption  through  May  1978  (73 
months),  resulting  in  the  manufacture  of  26,500  units. 
During  the  73  months  of  production,  the  government 
accepted  68  deliveries  using  the  DD  Form  250. 

This  research  effort  uses  the  same  data  as  used  by 
the  Allen/Farr  team  in  their  research  except  for 
production  rate.  Where  Allen/Farr  used  actual  production 
rate,  this  research  uses  the  DD  Form  250  acceptance  rate 
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as  a  proxy  for  actual  production  rate.  Because  the  data 
reflected  significant  fluctuation  in  the  acceptance  rate, 
the  Maverick  program  provides  an  excellent  test  situation 
for  this  comparative  research.  In  the  Allen/Farr  research, 
the  Maverick  data  were  broken  down  into  several  major 
components:  fabrication,  assembly,  and  test.  These  three 
components  were  then  incorporated  into  a  total  model.  This 
research  models  only  the  fabrication  component  and  the 
total  model  used  in  the  Allen/Farr  effort.  Funding 
limitation  precluded  incorporating  the  assembly  and  test 
components  into  this  research. 

One  intriguing  aspect  of  the  Maverick  data  was  the 
manner  in  which  the  manufacturer  accounted  for  direct 
labor  hours.  Direct  labor  hours  were  segmented  into  two 
components:  Unit  Index  and  Standard  Hours.  On  a  continuing 
basis,  Hughes  conducted  time  and  motion  studies  to 
estimate  how  many  hours  it  would  take  to  manufacture  each 
missile  under  "ideal"  conditions  at  a  particular  point  in 
the  production  program.  This  estimate  was  called  Standard 
Hours,  and  its  evolution  over  time  represented  a  measure 
of  methods  improvement.  For  each  month  of  production, 
Hughes  computed  a  Unit  Index  reflecting  the  deviation 
between  actual  number  of  direct  labor  hours  required  for 
production  and  the  number  of  hours  that  would  be  required 
under  ideal  conditions.  Whenever  the  actual  number  of 


hours  required  for  production  achieved  the  "ideal" 
standard,  the  Unit  Index  was  equal  to  one.  Any  value  of 
the  index  greater  than  one  reflected  less  than  ideal 
performance.  The  evolution  of  the  index  over  time 
represented  a  measure  of  labor  improvement  or  learning.  To 
calculate  direct  labor  hours  per  missile,  the  Unit  Index 
was  multiplied  by  the  Standard  Hours.  For  example,  assume 
the  program  is  in  the  early  stages  of  production,  the 
Standard  Hours  are  100  hours  per  unit  and  the  Unit  Index 
is  2.50  per  unit  (less  than  perfect  conditions).  The  two 
are  then  multiplied  to  calculate  total  hours  per  missile 
of  250. 

As  one  might  expect,  the  Unit  Index,  Standard  Hours, 
and  direct  labor  hours  exhibited  learning  trends  to 
varying  degrees.  Because  of  this  unique  accounting 
procedure,  Allen  and  Farr  were  able  to  assess  the  effects 
of  the  production  rate  on  both  the  "labor  learning"  and 
"methods  improvement"  aspects  of  direct  labor  (2:39).  The 
same  advantage  holds  for  this  research  because  of  the 
simplicity  of  substituting  the  acceptance  rate  proxy  for 
actual  production  rate. 

The  raw  data  are  transformed  into  logarithmic  form  to 
be  used  in  six  different  models  for  this  research.  The 
first  three  models  are  labeled  as  follows: 


Model  One:  Total  Hours  Per  Unit, 

Model  Two:  Unit  Index  for  Total  Hours  Per  Unit,  and 

Model  Three:  Standard  Hours  for  Total  Hours  Per  Unit. 

The  last  three  models  are  labeled  as  follows: 

Model  Four:  Fabrication  Hours  Per  Unit, 

Model  Five:  Unit  Index  for  Fabrication  Hours  Per 

Unit,  and 

Model  Six:  Standard  Hours  for  Fabrication  Hours 

Per  Unit. 

Regression  analysis  is  performed  on  both  the  reduced 
and  the  full  forms  of  the  models,  and  test  statistics  are 
calculated.  The  test  statistics  are  then  compared  with  the 
critical  values  required,  and  the  criterion  tests  are 
applied  to  determine  if  the  model  is  acceptable  for 
testing.  If  the  results  for  a  particular  model  support  its 
acceptability  and  the  criterion  tests  fail  to  reject  the 
model  as  inappropriate,  that  model  is  then  tested  for  its 
predictive  ability.  The  statistical  tests,  criterion 
tests,  and  their  objectives  for  this  research  effort  are 
discussed  in  detail  in  the  following  section. 

ANALYSIS  METHODOLOGY 

The  hypothesis  to  be  tested  in  this  research  is  that 
the  predictive  ability  of  Smith's  model  is  not  compromised 
by  the  substitution  of  the  OD  Form  250  acceptance  rate  for 
the  actual  production  rate  variable. 
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Testing  this  hypothesis  first  requires  determining  if 
the  model,  using  the  DD  Form  250  acceptance  data,  is 
acceptable.  Then,  if  the  model  is  found  to  be  acceptable, 
the  predictive  ability  of  the  model  is  compared  to  the 
predictive  ability  of  the  model  using  actual  production 
rate  data  to  determine  if  any  compromise  exists. 

To  determine  if  a  model  using  the  DD  Form  250 
acceptance  rate  is  acceptable  requires  two  steps.  The 
first  step  examines  the  statistical  significance  of  the 
model's  regression  coefficients  by  regression  analysis  of 
historical  production  data.  This  step  is  composed  of  two 
statistical  steps.  The  second  step  involves  the  use  of  two 
criterion  tests  to  evaluate  the  appropriateness  of  the 
model  for  this  data.  The  dependent  variable  of  the  full 
model,  in  log-linear  form,  will  be  subjected  to  regression 
analysis.  The  independent  variables  are  the  logarithms  of 
cumulative  output  and  the  DD  Form  250  acceptance  rate. 

MODEL  ACCEPTABILITY  TESTING 

Statistical  Tests 

The  first  statistical  test  (ST1)  examines  the 
relationship  between  the  cumulative  output  and  acceptance 
rate  variables  and  the  direct  labor  hour  variable  as  shown 
in  the  model.  The  null  hypothesis  and  its  alternate  are 
formed  as  follows: 
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H0:  B1  and  B2  * 

Ha!  B1  #  0  and/or  Bg  #  0 

This  hypothesis  will  be  tested  using  the  following  format: 

(1)  State  the  null  and  alternate  hypothesis. 

(2)  State  the  alpha  level  (level  of  significance). 

(3)  State  the  test  statistic.  The  test  statistic  for 
statistical  test  one  will  be  the  F-test. 

(4)  State  the  Decision  Rule.  If  the  F-ratio  is  greater 
than  F*,  reject  HQ,  else  cannot  reject  HQ. 

(5)  State  the  Decision  based  upon  the  Decision  Rule. 
Mathematically,  F-ratio  =  MSR/MSE,  MSR  =  SSR/p-1,  and 

MSE  **  SSE/n-p  where: 

MSR  represents  the  mean  of  the  regression  sum  of 
squares  in  logarithmic  form, 

MSE  represents  the  mean  of  the  error  (or  residual) 
sum  of  squares  in  logarithmic  form, 

SSR  represents  the  regression  sum  of  squares 
in  logarithmic  form, 

SSE  represents  the  error  (or  residual)  sum  of 
squares  in  logarithmic  form, 

n  represents  the  number  of  observations,  and 

p  represents  the  number  of  parameters  in  the 

model  (11:45,  79,  227-228). 

The  F-ratio  compares  the  explained  variance  (MSR)  to 

the  unexplained  variance  (MSE),  and  thus  determines  the 

ability  of  the  model  to  explain  the  variance  of  the 

dependent  variable  (2:26). 
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The  second  statistical  test  (ST2)  tests  the  ability 
of  the  DD  Form  250  acceptance  rate  variable,  when  combined 
with  the  cumulative  output  variable,  to  explain  additional 
variation  in  direct  labor  hours  per  missile. 
Statistically,  the  null  and  its  alternate  hypotheses  are: 


0 


b2  *  0  * 


This  hypothesis  will  be  tested  using  the  following  format: 

(1)  State  the  null  and  alternate  hypotheses. 

(2)  State  the  alpha  level  (level  of  significance). 

(3)  State  the  test  statistic.  The  test  statistic  for 
statistical  test  two  will  be  the  F-test. 

(4)  State  the  Decision  Rule.  If  the  F-statistic  is 
greater  than  F* ,  reject  HQ,  else  cannot  reject  HQ. 

(5)  State  the  Decision  based  upon  the  Decision  Rule. 
The  value  of  F*  is  determined  as  follows: 


F* 


AR2/g 

(1-R2)/ (n-k-1) 


where: 

o 

AR  represents  the  increase  in  explained 
variations  caused  by  the  addition  of 
the  logarithm  of  the  acceptance  rate 
variable  to  the  reduced  model, 

g  represents  the  number  of  variables  (in 

this  case,  one)  which  cause  the  increase 
in  R2, 

n  represents  the  number  of  observations, 

k  represents  the  total  number  of  regressors,  and 
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n-k-1  represents  the  degrees  of  freedom  in  the 
unexplained  variation  (17:435). 

The  F*  statistic  in  this  test  yields  a  ratio  of  the 

increase  in  explained  variance  to  the  remaining 

unexplained  variance  which  resulted  from  introducing  the 

acceptance  rate  variable  into  the  reduced  model  (2:27). 

Criterion  Tests 

The  first  criterion  test  (CT1)  for  the 
appropriateness  of  the  model  concerns  the  assumptions 
about  the  residuals,  or  observed  errors.  The  model  is 
considered  appropriate  for  the  data  if  the  assumptions 
about  constant  variance  of  residuals,  independence  of 
residuals,  and  normal  distribution  of  residuals  cannot  be 
rejected  on  the  basis  of  appropriate  tests  (11:240). 

The  assumption  of  constant  variance  of  residuals  is 
tested  by  plotting  the  residual  values  against  the 
predicted  values  of  the  dependent  variable.  The  assumption 
is  accepted  if  the  plot  revealed  an  even  distribution  (no 
discernible  pattern)  and  if  most  residuals  are  within  one 
standard  error  of  the  estimate  (11:239-240). 

The  Durbin-Watson  Test  (2:28)  was  used  to  check  for 
independence  of  residuals.  The  test  determined  whether  or 
not  the  autocorrelation  parameter  p  was  equal  to  zero. 
The  test  alternatives  were: 


Hq:  p  >  0 
Ha:  p  =  0  . 

This  portion  of  criterion  test  one  (CT1)  will  be  tested 
using  the  following  format: 

(1)  State  the  null  and  alternate  hypotheses. 

(2)  State  the  alpha  level  (level  of  significance). 

(3)  State  the  test  statistic.  The  test  statistic  for 
criterion  test  one  will  be  the  Durbin-Watson  statistic. 

(4)  State  the  Decision  Rule.  If  D  is  greater  than 
dL,  conclude  H^;  if  D  is  less  than  d^,  conclude  H^;  if 

dL  <  D  <,  dy,  test  is  inconclusive. 

(5)  State  the  Decision  based  upon  the  Decision  Rule. 

A  statistical  package  called  "STAT  II"  in  the  Copper 

Impact  Library  '  at  the  Air  Force  Institute  of  Technology 
calculated  the  Durbin-Watson  statistic  designated  as  D. 
Table  A-6  in  the  Neter  and  Wasserman  text  contained  upper 
and  lower  bounds  (d^  and  dL)  for  various  sample  sizes, 
levels  of  significance,  and  numbers  of  independent 
variables.  The  calculated  D  statistic  was  compared  to  the 
upper  and  lower  bounds  in  the  table  at  the  0.05  level  of 
significance.  If  was  concluded,  the  residuals  were 
considered  to  be  independent  (2:29). 

The  assumption  of  normal  distribution  of  residuals 
was  tested  through  the  Kllmogorov-Smirnov  (KS)  test.  The 
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basis  of  the  KS  estimation  procedure  is  the  cumulative 
sample  function,  which  is  denoted  by  S(X).  S(X)  specifies 
for  each  value  of  X  the  proportion  of  values  less  than  or 
equal  to  X.  The  KS  procedure  utilizes  a  statistic,  denoted 
by  D(n),  which  .is  based  on  the  differences  between  the 
cumulative  sample  function  S(X)  and  the  true  cumulative 
probability  function  F(X). 

D(n)  =  Max  |S(X)  -  F(X)|  . 

In  other  words,  D(n)  equals  the  largest  absolute  deviation 
of  S(X)  from  F(X)  at  any  value  of  X.  D(n)  is  shown  as  a 
function  of  n  because  it  depends  on  the  sample  size. 
Surprisingly,  however,  it  does  not  depend  on  the  specific 
form  of  F(X) .  Hence,  the  KS  procedure  may  be  used  for 
goodness  of  fit  tests  for  any  shape  distribution,  and  will 
be  used  in  this  case  to  see  if  the  residuals  were  normally 
distributed  (2:29). 

The  KS  statistic  used  in  this  research  was  calculated 
by  the  STAT  II  package  in  the  Copper  Impact  Library.  If 
the  calculated  statistic  was  below  the  critical  value  in 
the  D(n)  table,  the  data  were  considered  normal.  Stated  in 
hypothesis  form: 

HQ:  KS  >  D(n)c 

H.:  KS  <  D(n)  . 

A  C 

This  portion  of  criterion  test  one  (CT1)  will  be 
tested  using  the  following  format: 
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(1)  State  the  null  and  alternate  hypotheses. 

(2)  State  the  alpha  level  (level  of  significance). 

(3)  State  the  test  statistic.  The  test  statistic  for 
this  portion  of  CT1  is  the  KS  test. 

(4)  State  the  Decision  Rule.  If  KS  is  less  than  D(n)  , 

c 

reject  HQ. 

(5)  State  the  Decision  based  upon  the  Decision  Rule. 

The  second  criterion  test  (CT2),  which  also  tests  the 

appropriateness  of  the  model,  involves  the  use  of  the 

2  2 

multiple  coefficient  of  determination,  known  as  R  .  The  R 

value  measures  the  proportion  of  variation  in  direct  labor 

o 

hours  that  is  explained  by  the  regression  model.  R  is 
calculated  by  subtracting  the  quotient  of  SSE/SSTO  from 
one.  The  error  sume  of  squares,  SSE,  is  the  summation  of 
all  squared  residuals,  and  is  formally  defined  in 
statistical  test  one  (ST1).  The  total  sum  of  squares, 
SSTO,  is  calculated  by  summing  the  squared  differences 
between  each  observed  value  of  the  mean  of  the  dependent 
variable  (11:77). 

2 

In  this  model,  R  ,  as  a  valid  measure  of  explained 

variation,  is  somewhat  obscured  by  the  transformation  of 

o 

the  model  to  logarithmic  form.  R  in  that  form  represents 
the  logarithmic  value  of  direct  labor  hour  variation 
rather  than  variation  in  actual  hours.  Smith,  in  his 
research,  developed  a  more  meaningful  statistic  which  he 
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2  2 

called  R  (actual)  (14:53).  R  (actual)  is  calculated  in 

o 

the  same  way  that  R  is,  except  that  the  SSE  and  SSTO 

values  are  calculated  after  transforming  the  observed  and 

predicted  values  of  the  dependent  variables  from  the 

logarithmic  to  actual  form.  In  that  way,  the  variation  is 

represented  in  actual  hours  instead  of  logarithms  (2:31). 

An  appropriate  model  for  the  data  would  explain  a 

high  proportion  of  variation  in  direct  labor,  and  would 

2 

consequently  yield  a  high  R  (actual).  Therefore,  in  this 

2 

criterion  test,  an  R  (actual)  value  of  .75  or  higher  is 
selected  as  the  level  at  which  the  model  could  not  be 
rejected  as  inappropriate  (2:31). 

If  an  acceptable  model  is  found  after  model  • 
acceptability  testing  (ST1,  ST2,  CT1,  and  CT2) ,  predictive 
ability  is  then  tested. 

PREDICTIVE  ABILITY  TESTING 

After  the  full  model,  with  DD  Form  250  data 
incorporated,  is  accepted  as  the  result  of  model 
acceptability  testing,  its  predictive  ability  is 
determined.  This  determination  is  made  by  comparing  the 
full  model  with  the  reduced  model. 

To  determine  if  the  acceptable  full  model  is  a  more 
accurate  predictor  than  the  reduced  model,  the  full  and 
reduced  regression  models  are  developed  with  the  last  12 
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data  points  omitted.  Then,  using  these  models,  omitted 
values  (which  were  known  but  not  used  in  estimating  the 
model  coefficients)  are  predicted.  Then,  an  evaluation  of 
the  deviation  of  the  predicted  values  from  the  observed 
values,  for  both  the  full  and  reduced  models,  is 
accomplished. 

The  comparison  is  made  using  both  a  statistical  test 
(ST3)  and  a  criterion  test  (CT3).  The  statistical  test  is 
used  to  determine  whether  the  full  model  is  significantly 
more  accurate  than  the  reduced  model  in  predicting  the 
labor  hour  values  omitted  in  the  prediction  simulation. 
Where  the  full  model  may  be  found  to  be  a  significantly 
better  predictor  based  on  the  statistical  test,  a 
criterion  test  is  then  applied  to  establish  whether  the 
improved  predictive  ability  -of  the  full  model  has  a 
practical  significance  as  well. 

Statistical  Test 

The  statistical  test  (ST3)  is  performed  to  determine 
if  the  average  absolute  deviation  of  the  full  model  (|Dp|) 
is  significantly  less  than  that  of  the  reduced  model 
(|I)R|).  The  average  absolute  deviation  for  each  model  is 
computed  by  taking  the  absolute  value  of  the  difference 
between  the  actual  and  predicted  direct  labor  hours 
occurring  in  each  test  situation,  then  separately  summing 
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the  absolute  deviations  for  each  model  in  all  test 
situations  (2:33). 

Statistically,  the  null  and  alternate  hypotheses 

are: 

H0!  I®bI  i  I 5fi 

h4!  |dr|  >  |DF|  . 

This  hypothesis  is  tested  using  the  following  format: 

(1)  State  the  null  and  alternate  hypotheses. 

(2)  State  the  alpha  level  (level  of  significance). 

(3)  State  the  test  statistic.  The  test  statistic  for 
statistical  test  three  will  be  the  Student's  t  test. 

(4)  State  the  Decision  Rule.  The  Decision  Rule  for 
ST3  will  be  to  reject  HQ  if  t  >  tc(0.05),  where: 

t  -  (\\\  -  15,1  )/  /(S|/N)  +  S|/N) 

(5)  State  the  Decision  based  upon  the  Decision  Rule. 
In  the  above  Decision  Rule,  the  variables  are  defined 

as  follows: 

2 

SR  represents  the  variance  of  the  distribution  of 
deviations  obtained  with  the  reduced  model, 

St,  represents  the  variance  of  the  distribution  of 
deviations  obtained  with  the  full  model, 

N  represents  the  number  of  test  situations,  and 

t  represents  the  critical  t  value  obtained  from 
a  table  of  Student's  t  critical  values  (17:208- 
215). 
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Criterion  Test 


Where  the  improved  predictive  ability  of  the  'full 


model  over 

the  reduced 

model 

may  be  shown  to 

be 

statistically 

significant , 

the 

model  will  then 

be 

subjected  to 

a  test  of 

practical  significance. 

This 

criterion  test  (CT3)  is  necessary  because  (1)  the  reduced 
model,  although  shown  to  be  a  statistically  less  accurate 
predictor,  could  still  be  sufficiently  accurate  for 
practical  application,  or  (2)  the  full  model,  although 
shown  to  be  a  statistically  better  predictor  than  the 
reduced  model,  could  still  be  so  inaccurate  as  to  be  of  no 
value  in  practical  application.  In  either  instance,  the 
addition  of  the  acceptance  rate  variable  would  not  be 
considered  worthwhile  from  a  cost/benefit  standpoint 
(2:34). 

To  perform  the  criterion  test  (CT3),  the  individual 
deviations  computed  for  the  full  and  reduced  models  in 
each  test  situation  under  statistical  test  three  (ST3)  are 
converted  into  a  measure  of  deviation  expressed  as  a 
percentage  of  the  actual  direct  labor  hours.  The  use  of 
percentage  facilitates  later  comparison  of  results  between 
this  program  and  other  programs  whose  values  for  direct 
labor  hours  are  relatively  large.  Two  categories  are  then 
established  for  the  deviations. 
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These  categories  provide  a  basis  for  comparison  of 
the  predictive  ability  of  the  two  models.  When  percentage 
deviations  fall  in  the  range  greater  than  five  percent  to 
ten  percent  or  less,  the  predictive  ability  is  categorized 
as  good.  When  percentage  deviations  are  five  percent  or 
less,  the  predictive  ability  is  categorized  as  excellent. 
The  number  of  test  situations  in  which  the  percentage 
deviations  fall  into  each  category  is  then  separately 
summed  for  the  full  and  reduced  models.  Totals  for  each 
category  and  model  are  then  subjectively  compared  and  the 
model  with  the  greater  total  number  of  good  and  excellent 
predictions  is  judged  to  have  the  better  practical 
predictive  ability  (2:35). 

SUMMARY 

Historical  production  (acceptance)  data  will  be 
analyzed  using  least  squares  multiple  linear  regression. 
The  research  hypothesis  will  then  be  tested  using  the 
statistical  and  criterion  tests  described  in  this  chapter. 

The  model's  acceptability  for  testing  is  evaluated 
using  two  statistical  tests  and  two  criterion  tests.  If 
all  tests  are  passed,  the  full  model  is  then  evaluated  for 
predictive  ability.  The  conclusion  sought  is  that  the 
acceptance  rate  .4s  a  significant  factor  in  determining 
direct  labor  hour  requirements  for  missile  production. 
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The  predictive  ability  of  the  model  is  evaluated 
using  one  statistical  test  and  one  criterion  test.  If  both 
tests  are  passed,  the  full  model  is  shown  to  have  better 
practical  predictive  ability  than  the  reduced  model. 

Certain  assumptions  are  necessary  for  the  regression 
model  to  be  appropriate.  The  strength  and  validity  of  the 
conclusions  drawn  from  the  research  hypothesis  are 
dependent  on  the  applicability  of  these  assumptions. 
Further,  the  methodology  contains  certain  limitations 
which  must  be  considered.  A  summary  of  the  assumptions  and 
limitations  follows. 

Assumptions 

(1)  Historical  data  obtained  from  the  manufacturer 
were  recorded  accurately. 

(2)  Multicollinearity  did  not  impair  the  short-range 
predictive  ability  of  the  models. 

(3)  Data  measurements  and  transformations  were  accurate. 

(4)  No  significant  loss  of  data  precision  was  induced 
by  the  logarithmic  transformation  of  the  data  used  to 
facilitate  multiple  linear  regression. 

(5)  The  error  terms  had  a  normal  distribution  with 

a  mean  of  zero  and  constant  variance,  and  they  were 
statistically  independent  <2:41-44). 
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Limitations 


(1)  Subjective  analysis  was  required  to  assess  the 
validity  of  the  assumptions  concerning  error  terms. 

(2)  Information  derived  from  the  data  apply  only  to 
the  program  being  studied  in  this  research  .  s‘4). 

(3)  Funding  limitation  precluded  inc  rporating  the 
assembly  and  test  components  into  this  research.  This 
research  models  only  the  fabrication  component  and  the 
total  model  used  in  the  Allen/Farr  research. 
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CHAPTER  III 

DATA  ANALYSIS  AND  EVALUATION 


This  chapter  presents  analysis  of  the  efficacy  of  using 
the  DD  Form  250  Maverick  missile  acceptance  data  as  a  proxy 
for  actual  production  rate.  Utilizing  the  methodology  pre¬ 
sented  in  Chapter  II,  six  regression  models  were  tested  for 
acceptability.  The  six  models  differ  in  the  direct  labor 
hour  variable  (Y^)  as  follows: 


Model  One 
Model  Two 


=  <Yt) 

"  (Ytu) 


=  total  direct  labor  hours, 


Model  Three  =  (Ytgh)  » 


Model  Four  =  (Y^) 


Model  Five  =  <Yf  ) 


Model  Six 


"  (Yfsh> 


unit  index  portion  of  total 
direct  labor  hours, 

standard  hours  portion  of 
total  direct  labor  hours, 

fabrication  direct  labor 
hours, 

unit  index  portion  of  fabri¬ 
cation  direct  labor  hours, 
and 

standard  hours  portion  of 
fabrication  direct  labor 
hours. 


Following  the  acceptance  testing  for  these  six  models, 
those  models  found  to  be  acceptable  are  tested  to  determine 
their  predictive  ability  and  then  are  compared  with  the  re¬ 
duced  model. 
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PRESENTATION  OF  MODELS  AND  ACCEPTABILITY  TESTS 


Model  One 

Model  One  is  presented  below.  The  raw  data  and  results 
of  each  statistical/criterion  test  are  presented  in  Tables 
4,  5,  and  6. 

Reduced  Model: 


or  in  logarithmic  form: 

Log(Yt)  =  Log(B0)  +  B1  •  Log(X1) 

Full  Model: 


or  in  logarithmic  form: 

Log(Yt)  =  Log(B0)  +  B1  •  Log(X1)  +  B2  •  Log(X2) 

where: 

Y  =  total  direct  labor  hours /equivalent  unit /accounting 
month, 

X-  **  cumulative  output  plot  point  (cumulative  units 
at  end  of  accounting  montn), 

X2  *  DD  Form  250  acceptance  rate/accounting  month. 

Model  Two 

Model  Two  is  presented  below.  The  raw  data  and  results 
of  each  statistical/criterion  test  are  presented  in  Tables 


Reduced  Model: 


or  in  logarithmic  form: 

Log(Ytu)  *  Log(BQ)  +  •  Log(X^) 

Full  Model: 


Y 


tu 


B. 


or  in  logarithmic  form: 

Log(Ytu)  =  Log(BQ)  +  •  Log^)  +  B2  •  Log(X2) 


where: 

Y.  “  unit  index  portion  of  total  hours/equivalent 
unit /accounting  month, 

X-  =  cumulative  output  plot  point  (cumulative 
units  at  end  of  accounting  month), 

X2  *  DD  Form  250  acceptance  rate/accounting 
month . 


Model  Three 

Model  Three  is  presented  below.  The  raw  data  and  re¬ 
sults  of  each  statistical/criterion  test  are  presented  in 
Tables  10,  11,  and  12. 

Reduced  Model: 


B„ 


r®l 


tsh  -  "o'  1 

or  in  logarithmic  form: 

LoB(Ytsh>  "  Lo*<V  +  B1 


Log^) 
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Full  Model: 


Ytsh  =  Bo 


B, 


'1  2 
or  in  logarithmic  form: 

Lo«(Ytsh>  *  Lo*(Bo>  +  B1 


LogtXj)  +  B2  •  Log(X2) 


where: 

Y  .  ■  standard  hours  portion  of  total  direct 
tsn  labor  hours/equivalent  unit /accounting 
month, 

X.  =  cumulative  output  plot  point  (cumulative 
1  units  at  end  of  accounting  month), 

X„  -  DD  Form  250  acceptance  rate/accounting 
month. 


Model  Four 

Model  Four  is  presented  below.  The  raw  data  and  results 
of  each  statistical /criterion  test  are  presented  in  Tables 
13,  14,  and  15. 

Reduced  Model: 


or  in  logarithmic  form: 

Log(Yf)  •  Log(BQ)  +  •  Log(X1) 

Full  Model: 

Yf  -Bo- 

or  in  logarithmic  form: 

Log(Yf)  -  Log(BQ)  +  Bx  •  LogtXj)  +  Bg  *  Log(X2> 


where: 

Y.  =  fabrication  direct  labor  hours /equivalent 
unit/accounting  month, 

X-  =  cumulative  output  plot  point  (cumulative 
units  at  end  of  accounting  month), 

X2  =  DD  Form  250  acceptance  rate/accounting  month. 

Model  Five 


Model  Five  is  presented  below.  The  raw  data  and  results 
of  each  statistical/criterion  test  are  presented  in  Tables 
16,  17,  and  18. 

Reduced  Model: 


or  in  logarithmic  form: 

Log(Yfu)  =  Log<B0)  +  Bi  *  L°S  <xi> 
Full  Model: 


B. 


•  X?'.  !?• 


*,u  "o  “1  2 

or  in  logarithmic  form: 

Log(Yfu)  -  Log(B0)  +  B1 


LogCXj)  +  B2  .  Log(X2) 


where: 


Y-  ». unit  index  portion  of  fabrication  direct 
u  labor  hours/equivalent  unit /accounting  month, 

X.  ■  cumulative  output  plot  point  (cumulative 
units  at  end  of  accounting  month), 

X2  ■  DD  Form  250  acceptance  rate/accounting  month. 
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Model  Six 


Model  Six  is  presented  below.  The  raw  data  and  results 
of  each  statistical/criterion  test  are  presented  in  Tables 
19,  20,  and  21. 

Reduced  Model: 


B: 


JB, 


fsh  o  "1 
or  in  logarithmic  form: 

L°g(YfSh)  «  +  B1 

Full  Model: 


Log^) 


Tfsh  -  Bo  •  •  X2! 

or  in  logarithmic  form: 

Log<Yfsh)  =  Lo^Bo>  *  B1  *  LoS<xi>  +  b2  *  l°K(x2) 
where: 

Y.  .  =  standard  hours  for  fabrication  direct  labor 
hours/equivalent  unit /accounting  month, 

X-  =  cumulative  output  plot  point  (cumulative 
J  units  at  end  of  accounting  month), 

Xg  *  DD  Form  250  acceptance  rate/accounting  month. 


TABLE  4 

MODEL  ONE  -  RAW  DATA 
(Total  Hours  Per  Unit) 


TEST  ITEMS 

REDUCED 

MODEL 

FULL 

MODEL 

Estimated  B 

o 

954.16 

984.48 

Estimated  B1 

-0.24 

-0.22 

Estimated  B 2 

— 

-0.04 

Data  for  ST1 

F  Ratio 

765.40 

409.96 

F  Critical 

— 

3.15 

Data  for  ST2 

F  Statistic 

5.25 

F  Critical 

— 

4.00 

Data  for  CT1 

KS  Statistic 

— 

.26 

KS  Critical 

— 

.16 

Durbin-Watson 

Statistic 

— 

1.02 

Durbin-Watson 

<vv 

Data  for  CT2 

Critical 

1.67/1.55 

R2  Log 

.921 

.927 

R2  Actual 

.918 

.898 

I 


TABLE  5 


MODEL  ONE  -  ST1  &  ST2  RESULTS 


Statistical  Test  One  Results 

(1) 

V 

and  Bg  =  0 

V 

B1  * 

0  and/or  Bg  ^  0 

(2) 

a  = 

0.05 

(3) 

Test 

Statistic:  F-Test 

(4) 

Decision 

Rule:  If  the  F-ratio  is  greater  than 
F*,  reject  H  ,  else  cannot 
reject  HQ. 

(5) 

Decision: 

F-Ratio  =  409.96 

F*  *  3.15 

409.96  is  greater  than  3.15,  so  reject  Hq. 

Statistical  Test  Two  Results 

(1) 

H0; 

B2  " 

0 

ha! 

B2  * 

0 

(2) 

a  = 

0.05 

(3) 

Test 

Statistic:  F-Test 

(4) 

Decision 

Rule:  If  the  F  Statistic  is  greater 

than  F*,  reject  HQ,  else 
cannot  reject  B Q. 

(5) 

Decision: 

F  Statistic  -  5.25 
f*  -  4.00 

5.25 

is  greater  than  4.00,  so  reject  Hq. 

/ 
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TABLE  6 


MODEL  ONE  -  CT1  &  CT2  RESULTS 


Criterion  Test  One  Results 

Test  of  Constant  Variance  of  Residuals:  The  assump¬ 
tion  of  constant  variance  of  residuals  cannot  be 
made  because  of  discernible  patterns. 

Test  of  Independence  of  Residuals: 

(1)  Hq:  p  is  greater  than  0 

HA:  p  =  ° 

(2)  a  -  0.05 

(3)  Test  Statistic:  Durbin-Watson 

(4)  Decision  Rule:  If  D  is  greater  than  d^,  con¬ 

clude  H. :  if  D  is  less  than  dTT 
A  u  f 

conclude  HQ;  if  dL  <  D  <  d^, 
test  is  inconclusive. 

(5)  Decision:  D  =1.02  1.02  is  less  than  1.67, 

dL  -  1.55  80  C°"C:lude  V 

d  -  1.67 

Test  of  Normal  Distribution  of  Residuals: 


(1) 

Hq:  KS  >  D(n)c 
Ha:  KS  <  D(n)c 

(2) 

a  =  0.05 

(3) 

Test  Statistic: 

KS 

(4) 

Decision  Rule: 

If  KS 
reject 

is  less  than  D(n)  , 

V 

(5) 

Decision:  KS 

-  .26 

.26  is  greater  than 

D(n)c  *  .16  so  cannot  reject  Hq. 
Criterion  Test  Two  Results 


R 


2 


(Actual)  «  .898  and  is  greater  than  .75.  So.  model 
cannot  be  rejected  as  inappropriate  for  this  test. 
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TABLE  7 


MODEL  TWO  -  RAW  DATA 
(Unit  Index  for  Total  Hours  Per  Unit) 


TEST  ITEMS 

REDUCED 

MODEL 

FULL 

MODEL 

Estimated  B 

o 

45.34 

49.29 

Estimated 

-0.21 

-0.15 

Estimated  B2 

— 

-0.11 

Data  for  ST1 

F  Ratio 

360.54 

279.32 

F  Critical 

— 

3.15 

Data  for  ST2 

F  Statistic 

— 

•31.50 

F  Critical 

* 

— 

4.00 

Data  for  CT1 

KS  Statistic 

— 

.22 

KS  Critical 

— 

.16 

Durbin-Watson 

Statistic 

— 

1.22 

Durbin-Watson 

<w 

Data  for  CT2 

Critical 

1.67/1.55 

R2  Log 

.845 

.896 

R2  Actual 

.878 

.855 

TABLE  8 


MODEL  TWO  -  ST1  k  ST 2  RESULTS 


Statistical  Test  One  Results 

(1)  Hq:  B1  and  B2  -  0 

Ha!  Br  #  0  and/or  B2  ^  0 

(2)  a  =  0.05 

(3)  Test  Statistic:  F-Test 

(4)  Decision  Rule:  If  the  F-ratio  is  greater  than 

F*,  reject  H  ,  else  cannot 
reject  Hq. 

(5)  Decision:  F-Ratio  *  279.32 

F*  -  3.15 

279.32  is  greater  than  3.15,  so  reject  HQ. 


Statistical  Test  Two  Results 


(1) 

H0:  B2  “  0 

V  B2  *  0 

(2) 

a  *  0.05 

(3) 

Test  Statistic: 

F-Test 

(4) 

Decision  Rule: 

If  the  F  Statistic 
than  F*,  reject  HQ, 
cannot  reject  Hq. 

is  greater 
else 

(5) 

Decision:  F  Statistic  * 

F*  - 

31.50 

4.00 

31.50  is  greater  than  4.00,  so  reject  Hq. 


TABLE  9 


MODEL  TWO  -  CT1  h  CT2  RESULTS 
Criterion  Test  One  Results 


Test  of  Constant  Variance  of  Residuals:  The  assump¬ 
tion  of  constant  variance  of  residuals  cannot  be 
made  because  of  discernible  patterns. 


Test  of 

Independence  of 

Residuals: 

(1) 

Hq:  p  is  greater  than  0 

(2) 

HA!  p  =  ° 

a  =  0.05 

(3) 

Test  Statistic: 

Durbin-Watson 

(4) 

Decision  Rule: 

If  D  is  greater  than  d^»  con¬ 
clude  Ha;  if  D  is  less  than  d^, 
conclude  HQ;  if  dL  <  D  <  dg, 
test  is  inconclusive. 

(5) 

Decision:  . ,  ■ 

dL  " 

1.22  1.22  is  less  than  1.67, 

^  55  so  conclude  HQ. 

du  - 

1.67 

Test  of 

Normal  Distribution  of  Residuals: 

(1) 

Hq:  KS  >  D(n)c 

H.:  KS  <  D(n) 

A  c 

(2) 

a  “  0 . 05 

(3) 

Test  Statistic: 

KS 

(4) 

Decision  Rule: 

If  KS  is  less  than  D(n)  , 
reject  HQ. 

(5) 

Decision:  KS 

DU), 

*  .22  .22  is  greater  than  .16, 

®  .16  so  cannot  reject  HQ. 

Criterion  Test  Tvro  Results 


2 

R  (Actual)  ■  .855  and  is  greater  than  .75.  So,  model 
cannot  be  rejected  as  inappropriate  for  this  test. 
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TABLE  10 


MODEL  THREE  -  RAW  DATA 
(Standard  Hours  for  Total  Hours  Per  Unit) 


TEST  ITEMS 

REDUCED 

MODEL 

FULL 

MODEL 

Estimated  B 

o 

86.27 

83.00 

Estimated  B1 

-0.06 

-0.09 

Estimated  B2 

— 

0.05 

Data  for  ST1 

F  Ratio 

173.66 

174.50 

F  Critical 

— 

3.15 

Data  for  ST2 

F  Statistic 

— 

49.01 

F  Critical 

— 

4.00 

Data  for  CT1 

KS  Statistic 

— 

.13 

KS  Critical 

— 

.16 

Durbin-Watson 

Statistic 

— 

1.46 

Durbin-Watson 

<w 

Data  for  CT2 

Critical 

1.67/1.55 

R^  Log 

.725 

.843 

o 

R  Actual 

.694 

.824 

TABLE  11 


MODEL  THREE  -  ST1  h  ST2  RESULTS 


Statistical  Test  One  Results 

(1) 

V 

and  B2  =  0 

ha: 

B^  #  0  and/or  B2  #  0 

(2) 

a  = 

0.05 

(3) 

Test 

Statistic:  F-Test 

(4) 

Decision  Rule:  If  the  F-ratio  is  greater  than 
F*,  reject  HQ,  else  cannot 
reject  HQ. 

(5) 

Decision:  F-Ratio  =  174.50 

F*  =  3.15 

174.50  is  greater  than  3.15,  so 

reject  HQ. 

Statistical  Test  Two  Results 

(1) 

H0: 

o 

ii 

IN 

O) 

V 

b2  *  o 

(2) 

a  = 

0.05 

(3) 

Test 

Statistic:  F-Test 

(4)  Decision  Rule:  If  the  F  Statistic  is  greater 

than  F*,  reject  HQ,  else 
cannot  reject  Hq. 

(5)  Decision:  F  Statistic  ■  49.01 

F*  =  4.00 

49.01  is  greater  than  4.00,  so  reject  HQ. 


TABLE  12 


MODEL  THREE  -  CT1  &  CT2  RESULTS 


Criterion  Test  One  Results 

Test  of  Constant  Variance  of  Residuals:  The  assump¬ 
tion  of  constant  variance  of  residuals  can  be  . 
made  because  of  indiscernible  patterns. 

Test  of 

Independence  of 

Residuals: 

(1) 

Hq:  p  is  greater  than  0 

Ha:  p  =  0 

(2) 

oj  *  0  »  05 

(3) 

Test  Statistic 

:  Durbin-Watson 

(4) 

Decision  Rule: 

If  D  is  greater  than  d^,  con¬ 
clude  Ha;  if  D  is  less  than  d^, 
conclude  HQ;  if  d^  ^  D  <_  djj, 
test  is  inconclusive. 

(5) 

Decision:  D  = 

dL  = 

1.46  1.46  is  less  than  1.67, 

1  55  so  conclude  HQ. 

dU  " 

1.67 

Test  of 

Normal  Distribution  of  Residuals: 

(1) 

Hq:  KS  >  D(n) 

c 

Ha:  KS  <  D(n) 

c 

(2) 

a  ■  0.05 

(3) 

Test  Statistic 

:  KS 

(4) 

Decision  Rule: 

If  KS  is  less  than  D(n)  , 
reject  Hq. 

(5) 

Decision:  KS 

D(n) 

“  .13  .13  is  less  than  .16, 

c  *  .16  so  reject  Hq. 

Criterion  Test  Two  Results 


2 

R  (Actual)  *.824  and  Is  greater  than  .75.  So,  model 
cannot  be  rejected  as  inappropriate  for  this  test. 


TABLE  13 


MODEL  FOUR  -  RAW  DATA 
(Fabrication  Hours  Per  Unit) 


TEST  ITEMS 

REDUCED 

MODEL 

FULL 

MODEL 

Estimated 

o 

101.55 

100.21 

Estimated  B^ 

-0.105 

-0.08 

Estimated  Bg 

— 

-0.04 

Data  for  ST1 

F  Ratio 

74.82 

41.78 

F  Critical 

— 

3.15 

Data  for  ST2 

F  Statistic 

— 

4.63 

F  Critical 

Data  for  CT1 

... 

4.00 

KS  Statistic 

— 

.13 

KS  Critical 

— 

.16 

Durbin-Watson 

Statistic 

— 

1.34 

Durbin-Watson 

<VdL) 

Data  for  CT2 

Critical 

1.67/1.55 

R2  Log 

.531 

.562 

2 

R  Actual 

.530 

.546 

TABLE  14 

MODEL  FOUR  -  ST1  k  ST2  RESULTS. 
Statistical  Test  One  Results 

(1)  Hq:  B1  and  B2  “  0 

H^:  B1  ^  0  and/or  B2  #  0 

(2)  a  •  o.05 

(3)  Test  Statistic:  F-Test 

(4)  Decision  Rule:  If  the  F-ratio  is  greater  than 

F*,  reject  H  ,  else  cannot 
reject  HQ. 

(5)  Decision:  F-Ratio  »  41.78 

F*  *  3.15 

41.78  is  greater  than  3.15,  so  reject  HQ. 
Statistical  Test  Two  Results 

(1)  Hq:  B2  -  0 
Ha:  B2  #  0 

(2)  a  -  0.05 

(3)  Test  Statistic:  F-Test 

(4)  Decision  Rule:  If  the  F  Statistic  is  greater 

than  F*,  reject  HQ,  else 
cannot  reject  Hq. 

(5)  Decision:  F  Statistic  ■  4.63 

F*  -  4.00 

4.63  is  greater  than  4.00,  so  reject  Hq. 


TABLE  15 


MODEL  FOUR  -  CT1  k  CT2  RESULTS 

Criterion  Test  One  Results 

Test  of  Constant  Variance  of  Residuals:  The  assump¬ 
tion  of  constant  variance  of  residuals  cannot  be 
made  because  of  discernible  patterns. 

Test  of  Independence  of  Residuals: 

(1)  Hq:  p  is  greater  than  0 

HA:  p  =  ° 

(2)  a  *  0.05 

(3)  Test  Statistic:  Durbin-Vatson 

(4)  Decision  Rule:  If  D  is  greater  than  dL,  con¬ 

clude  H^;  if  D  is  less  than  d^, 
conclude  HQ;  if  dL  <  D  <  d^, 
test  is  inconclusive. 

(5)  Decision:  D  *  1.34  1.34  is  less  than  1.67, 

.  so  conclude  . 

dL  1.55  0 

dD  «  1.67 

Test  of  Normal  Distribution  of  Residuals: 

(1)  HQ:  KS  >  D(n)c 

H.:  KS  <  D(n)„ 

A  C 

(2)  a  =  0.05 

(3)  Test  Statistic:  KS 

(4)  Decision  Rule:  If  KS  is  less  than  D(n)  , 

reject  HQ. 

(5)  Decision:  KS  *  .13  u  .13  is  less  than  .16, 

D(n)0  ■  .16  so  reject  HQ. 

Criterion  Test  Two  Results 
o 

R  (Actual)  ■  .546  and  is  less  than  .75.  So,  model  is 
rejected  as  inappropriate  for  this  test. 


TABLE  16 


MODEL  FIVE  -  RAW  DATA 

(Unit  Index  for  Fabrication  Hours  Per  Unit) 


TEST  ITEMS 

Estimated  B„ 
o 

Estimated 
Estimated  Bg 

Data  for  ST1 
F  Ratio 
F  Critical 

Data  for  ST2 
F  Statistic 
F  Critical 

Data  for  CT1 
KS  Statistic 
KS  Critical 

Durbin-Watson  Statistic 
Durbin-Watson  Critical 

<w 

Data  for  CT2 
R2  Log 
R2  Actual 


REDUCED  FULL 

MODEL  MODEL 


4.29 

4.06 

-0.08 

-0.04 

— 

-0.07 

45.02 

37.61 

— 

3.15 

— 

18.36 

— 

4.00 

- — 

.12 

— 

.16 

— 

1.81 

— 

1.67/1.55 

.406 

.536 

.450 

.508 

TABLE  17 

MODEL  FIVE  -  ST1  &  ST2  RESULTS 
Statistical  Test  One  Results 

(1)  HQ:  B1  and  B2  -  0 

HA5  ®i  *  0  and/,°r  ®2  ^  0 

(2)  a  -  0.05 

(3)  Test  Statistic:  F-Test 

(4)  Decision  Rule:  If  the  F-ratio  is  greater  than 

F*,  reject  H  ,  else  cannot 
reject  HQ. 

(5)  Decision:  F-Ratio  *  37.61 

F*  -  3.15 

37.61  is  greater  than  3.15,  so  reject  Hq. 
Statistical  Test  Two  Results 

(1)  Hq:  B2  -  0 
Ha:  B2  *  0 

(2)  a  *  0.05 

(3)  Test  Statistic:  F-Test 

(4)  Decision  Rule:  If  the  F  Statistic  is  greater 

than  F*,  reject  HQ,  else 
cannot  reject  Hq. 

(5)  Decision:  F  Statistic  *18.36 

F*  -  4.00 

18.36  is  greater  than  4.00,  so  reject  Hq. 


TABLE  18 


MODEL  FIVE  -  CT1  k  CT2  RESULTS 


Criterion  Test  One  Results 


Test  of  Constant  Variance  of  Residuals:  The  assump¬ 
tion  of  constant  variance  of  residuals  can  be 
made  because  of  indiscernible' patterns. 

Test  of  Independence  of  Residuals: 

(1)  Hq:  p  is  greater  than  0 


(2) 

(3) 

(4) 


Ha:  p  =  0 
a  =  0 . 05 

Test  Statistic:  Durbin-Watson 
Decision  Rule:  If  D  is  greater  than  dL,  con¬ 
clude  Ha;  if  D  is  less  than  dy, 


conclude  H, 


if  D  du’ 


test  is  inconclusive. 


(5) 

Decision:  D  *  1.81 

1.81  is  greater  than 

=1.55 

so  conclude  H. . 

A 

du  =  1-67 

Test  of 

Normal  Distribution  of 

Residuals: 

(1) 

HQ:  KS  >  D(n)c 

HA:  KS  <  D(n)c 

(2) 

a  m  0.05 

(  3> 

Test  Statistic:  KS 

(4) 

Decision  Rule:  If  KS 

is  less  than  D(n)  . 

reject 

V 

(5) 

Decision:  KS  ■  .12 

.12  is  less  than 

D(n)rt  =  .16 
c 

so  reject  Hq. 

Criterion  Test  Two  Results 


o 

R  (Actual)  ■  .508  and  is  less  than  .75.  So,  model  is 
rejected  as  inappropriate  for  this  test. 
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TABLE  19 


MODEL  SIX  -  RAW  DATA 

(Standard  Hours  for  Fabrication  Hours  Per  Unit) 


TEST  ITEMS 

REDUCED 

MODEL 

FULL 

MODEL 

Estimated  B 

o 

25.75 

26.76 

Estimated 

-0.03 

-0.06 

Estimated  B 2 

• 

— 

0.05 

Data  for  ST1 

F  Ratio 

8.99 

13.41 

F  Critical 

— 

3.15 

Data  for  ST2 

F  Statistic 

— 

15.82 

F  Critical 

— 

4.00 

Data  for  CT1 

ES  Statistic 

— 

.15 

KS  Critical 

— 

.16 

Durbin-Watson 

Statistic 

— 

1.97 

Durbin-Watson 

<W 

Critical 

— 

1.67/1.55 

Data  for  CT2 

R2  Log 

.120 

.292 

R2  Actual 

.111 

.268 

TABLE  20 


MODEL  SIX  -  ST1  &  ST2  RESULTS 


Statistical  Test  One  Results 

(1) 

Hq:  and  B2  =»  0 

Ha :  B.  #  0  and/or  B2  *  0 

A  1 

(2) 

a  =  0.05 

(3) 

Test  Statistic:  F-Test 

(4) 

Decision  Rule:  If  the  F-ratio  is  greater  than 
F*,  reject  HQ,  else  cannot 
reject  HQ.  u 

(5) 

Decision:  F-Ratio  ®  13.41 

F*  «  3.15 

13.41  is  greater  than  3.15,  so 

reject  HQ. 

Statistical  Test  Two  Results 

(1) 

H0:  b2  -  0 

aA:  B2  *  0 

(2) 

a  =>  0.05 

(3) 

Test  Statistic:  F-Test 

(4) 

Decision  Rule:  If  the  F  Statistic 
than  F*,  reject  HQ 
cannot  reject  HQ. 

is  greater 
,  else 

(5) 

Decision:  F  Statistic  *  15.82 

F*  -  4.00 

15.82  is  greater  than  4.00,  so 

reject  Hq. 
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TABLE  21 


MODEL  SIX  -  CT1  &  CT2  RESULTS 


Criterion  Test  One  Results 


t! 


Test  of  Constant  Variance  of  Residuals:  The  assump¬ 
tion  of  constant  variance  of  residuals  can:  be 
made  because  of  Indiscernible  patterns. 

Test  of  Independence  of  Residuals: 


(1) 

H_:  p  is  greater  than  0 

■  (2) 

Ha:  p  =  0 
o  *0.05 

(3) 

Test  Statistic: 

Durbin-Watson 

(4) 

1 

j 

Decision  Rule: 

If  D  is  greater  than  dL,  con¬ 
clude  Ha;  if  D  is  less  than  dp, 
conclude  HQ;  if  dL  D  _<  dp, 
test  is  inconclusive. 

(5) 

i 

Decision:  D  * 

dL  * 

1.97  1.97  is  greater  than  1.55 

^  55  so  conclude  HA. 

j 

Test  of 

dp  -  1.67 

Normal  Distribution  of  Residuals: 

j  .  (1) 

•1 

Hq:  KS  >  D(n)c 
Ha:  KS  <  D(n)c 

|  (2) 

a  =  0.05 

j  (3) 

Test  Statistic: 

KS 

1  (4) 

| 

Decision  Rule: 

If  KS  is  less  than  D(n)  , 
reject  HQ. 

i  (5) 

i 

Decision:  KS 

d(q)c 

*  .15  .15  is  less  than  .16, 

■  .16  so  reject  Hq. 

Criterion  Test  Two  Results 


R  (Actual)  =  .268  and  is  less  than  .75.  So,  model  is 
rejected  as  inappropriate  for  this  test. 
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SUMMARY  OF  MODEL  ACCEPTABILITY  TEST  RESULTS 


Each  of  the  six  models  described  earlier  was 
subjected  to  two  statistical  tests  and  two  criterion 
tests  to  evaluate  their  overall  acceptability  as  suitable 
models  for  further  predictive  ability  testing.  Below  is  a 
concise  summary  of  each  model's  score  (pass/fail)  for 
each  of  the  statistical  and  criterion  tests  presented  in 
the  previous  section.  It  is  important  to  remember  that  a 
model  must  pass  all  four  of  these  tests  in  order  to  be 
found  acceptable  for  further  predictive  ability  testing. 

Model  One 

Statistical  Test  One  (ST1).  Passed.  The  F-ratio  is 
greater  than  F  Critical  and  thus  confirms  the  ability  of 
the  model  to  explain  the  variance  of  the  dependent 
variable. 

Statistical  Test  Two  (ST2).  Passed.  The  F  Statistic  is 
greater  than  F  Critical.  Thus,  the  model  adequately 
explains  the  additional  variation  in  direct  labor  hours 
per  missile  when  the  DD  Form  250  data  are  added  to  the 
reduced  model. 

Criterion  Test  One  (CT1).  Overall  failure. 

a.  Test  of  constant  variance  of  residuals.  Failed. 
Could  not  assume  constant  variance  of  residuals  because 
of  discernible  patterns. 


b.  Test  of  independence  of  residuals.  Failed.  The 
calculated  Durbin-Watson  Statistic  was  less  than  the 
upper  limit  of  the  table  value.  Thus,  Hq  was  concluded 
which  indicates  the  residuals  are  dependent. 

c.  Test  of  normal  distribution  of  residuals.  Failed. 
The  calculated  KS  Statistic  was  greater  than  the  critical 
value  listed  in  the  table.  Thus,  the  data  were  not 
considered  to  be  normally  distributed. 

o 

Criterion  Test  Two  (CT2).  Passed.  The  R  (Actual)  was 
greater  than  .75.  Thus,  the  model  explains  the  variation 
in  direct  labor  hours  during  the  regression  analysis. 

In  summary.  Model  One  passed  ST1,  ST2,  and  CT2.  It 
failed  all  tests  contained  in  CT1  and  is,  therefore,  not 
acceptable  for  further  testing. 

Model  Two 

Statistical  Test  One  (ST1).  Passed.  The  F-ratio  is 
greater  than  F  critical  and  thus  determines  the  ability 
of  the  model  to  explain  the  variance  of  the  dependent 
variable. 

Statistical  Test  Two  (ST2).  Passed.  The  F  Statistic  is 
greater  than  F  Critical.  Thus,  the  model  adequately 
explains  the  additional  variation  in  direct  labor  hours 
per  missile  when  the  DD  Form  250  data  are  added  to  the 
reduced  model. 
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Criterion  Test  One  (CT1).  Overall  failure. 

a.  Test  of  constant  variance  of  residuals.  Failed. 
Could  not  assume  constant  variance  of  residuals  because 
of  discernible  patterns. 

b.  Test  of  independence  of  residuals.  Failed.  The 
calculated  Durbin-Watson  Statistic  was  less  than  the 
upper  limit  of  the  table  value.  Thus,  Hq  was  concluded 
which  indicates  the  residuals  are  dependent. 

c.  Test  of  normal  distribution  of  residuals.  Failed. 
The  calculated  KS  Statistic  was  greater  than  the  critical 
value  listed  in  the  table.  Thus,  the  data  was  not 
considered  to  be  normally  distributed. 

o 

Criterion  Test  Two  (CT2).  Passed.  The  R  (Actual)  was 
greater  than  .75.  Thus,  the  model  explains  the  variation 
in  direct  labor  hours  during  the  regression  analysis. 

In  summary,  Uodel  Two  reacted  identically  to  Model 
One.  Model  Two  passed  ST1,  ST2,  and  CT2.  It  failed  all 
tests  contained  in  CT1  and  is,  therefore,  not  acceptable 
for  further  testing. 

Model  Three 

Statistical  Test  One  (ST1).  Passed.  The  F-ratio  is 
greater  than  F  Critical  and  thus  determines  the  ability 
of  the  model  to  explain  the  variance  of  the  dependent 
variable. 
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Statistical  Test  Two  (ST2).  Passed.  The  F  Statistic  is 
greater  than  F  Critical.  Thus,  the  model  adequately 
explains  the  additional  variation  in  direct  labor  hours 
per  missile  when  the  DD  Form  250  data  is  added  to  the 
reduced  model. 

Criterion  Test  One  (CT1).  Overall  failure. 

a.  Test  of  constant  variance  of  residuals.  Passed. 
Constant  variance  of  residuals  can  be  assumed  because  of 
indiscernible  patterns. ' 

b.  Test  of  Independence  of  residuals.  Failed.  The 
calculated  Durbin-Watson  Statistic  was  less  than  the 
upper  limit  of  the  table  value.  Thus,  HQ  was  concluded 
which  indicates  the  residuals  are  dependent. 

c.  Test  of  normal  distribution  of  residuals.  Passed. 
The  calculated  KS  Statistic  was  less  than  the  critical 
value  listed  in  the  table.  Thus,  the  data  is  considered 
to  be  normally  distributed. 

Criterion  Test  Two  (CT2).  Passed.  The  R2  (Actual)  was 
greater  than  .75.  Thus,  the  model  explains  the  variation 
in  direct  labor  hours  during  the  regression  analysis. 

In  summary,  Model  Three  came  very  close  to  passing 
all  four  tests.  Model  Three  passed  all  tests  except  the 
Test  of  Independence  of  Residuals  in  CT1.  This  failure 
was  marginal  but  was  enough  to  deem  Model  Three 
unacceptable  for  further  testing. 
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Model  Four 


Statistical  Test  One  (ST1).  Passed.  The  F-ratio  is 
greater  than  F  Critical  and  thus  determines  the  ability 
of  the  model  to  explain  the  variance  of  the  dependent 
variable. 

Statistical  Test  Two  (ST2).  Passed.  The  F  Statistic  is 
greater  than  F  Critical.  Thus,  the  model  adequately 
explains  the  additional  variation  in  direct  labor  hours 
per  missile  when  the  DD  Form  250  data  are  added  to  the 
reduced  model. 

Criterion  Test  One  (CT1).  Overall  failure. 

a.  Test  of  constant  variance  of  residuals.  Failed. 
Could  not  assume  constant  variance  of  residuals  because 
of  discernible  patterns. 

b.  Test  of  independence  of  residuals.  Failed.  The 
calculated  Durbin-Watson  Statistic  was  less  than  the 
upper  limit  of  the  table  value.  Thus,  HQ  was  concluded 
which  indicates  the  residuals  are  dependent. 

c.  Test  of  normal  distribution  of  residuals.  Passed. 
The  calculated  KS  Statistic  was  less  than  the  critical 
value  listed  in  the  table.  Thus,  the  data  are  considered 
to  be  normally  distributed. 

2 

Criterion  Test  Two  (CT2).  Failed.  The  R  (Actual)  was 
less  than  .75.  Thus,  the  model  does  not  explain  the 
variation  in  direct  labor  hours  during  the  regression 


analysis 


In  summary,  Model  Four  passed  ST1,  ST2  and  failed 
CT1  and  CT2.  Therefore,  Model  Four  is  not  acceptable  for 
further  testing. 

Model  Five 

Statistical  Test  One  (ST1).  Passed.  The  F-ratio  is 
greater  than  F  Critical  and  thus  determines  the  ability 
of  the  model  to  explain  the  variance  of  the  dependent 
variable. 

Statistical  Test  Two  (ST2).  Passed.  The  F  Statistic  is 

greater  than  F  Critical.  Thus,  the  model  adequately 

« 

explains  the  additional  variation  in  direct  labor  hours 
per  missile  when  the  DD  Form  250  data  are  added  to  the 
reduced  model. 

Criterion  Test  One  (CT1).  Overall  pass. 

a.  Test  of  constant  variance  of  residuals.  Passed. 
Constant  variance  of  residuals  can  be  assumed  because  of 
indiscernible  patterns. 

b.  Test  of  independence  of  residuals.  Passed.  The 
calculated  Durbin-Watson  Statistic  is  greater  than  the 
lower  limit  of  the  table  value.  Thus,  was  concluded 
which  indicates  the  residuals  are  independent. 

c.  Test  of  normal  distribution  of  residuals.  Passed. 
The  calculated  K8  Statistic  was  less  than  the  critical  value 


listed  in  the  table.  Thus,  the  data  were  considered  to  be 
normally  distributed. 

Criterion  Test  Two  (CT2).  Failed.  The  R2  (Actual)  is  less 
than  .75.  Thus,  the  model  does  not  explain  the  variation 
in  direct  labor  hours  during  the  regression  analysis. 

In  summary,  Model  Five  came  very  close  to  being 
acceptable  for  further  testing.  All  tests  were  passed 
except  for  CT2.  Thus,  the  model  is  not  acceptable  for 
further  testing. 

Model  Six 

Statistical  Test  One  (ST1).  Passed.  The  F-ratio  is 
greater  than  F  Critical  and  thus  determines  the  ability 
of  the  model  to  explain  the  variance  of  the  dependent 
variable. 

Statistical  Test  Two  (ST2).  Passed.  The  F  Statistic  is 
greater  than  F  Critical.  Thus,  the  model  adequately 
explains  the  additional  variation  in  direct  labor  hours 
per  missile  when  the  DD  Form  250  data  are  added  to  the 
reduced  model. 

Criterion  Test  One  (CT1).  Overall  pass. 

a.  Test  of  constant  variance  of  residuals.  Passed. 
Constant  variance  of  residuals  can  be  assumed  because  of 
indiscernible  patterns. 

b.  Test  of  independence  of  residuals.  Passed.  The 
calculated  Durbin>Watson  Statistic  is  greater  than  the 
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lower  limit  of  the  table  value.  Thus,  was  concluded 
which  indicates  the  residuals  are  independent. 

c.  Test  of  normal  distribution  of  residuals.  Passed. 
The  calculated  KS  Statistic  was  less  than  the  critical 
value  listed  in  the  table.  Thus,  the  data  were  considered 
to  be  normally  distributed. 

2 

Criterion  Test  Two  (CT2).  Failed.  The  R  (Actual)  is  less 
than  .75.  Thus,  the  model  does  not  explain  the  variation 
in  direct  labor  hours  during  the  regression  analysis. 

In  summary,  Model  Six  is  identical  to  Model  Five. 

All  tests  were  passed  except  for  CT2  and  the  model  is  not 
acceptable  for  further  testing. 

For  ease  of  comparison,  Table  22  further  condenses  the 
results  of  the  acceptability  testing. 

SUMMARY  OF  RESEARCH  HYPOTHESIS  ANALYSIS 
The  research  hypothesis  stated  that  the  predictive 
ability  of  Smith's  model  is  not  compromised  by  the 
substitution  of  the  DD  Form  250  acceptance  rate  for  the 
actual  production  rate  variable. 

In  the  Allen/Farr  research  effort,  it  was  concluded 
that  the  addition  of  the  production  rate  variable 
explained  a  significant  amount  of  variation  in  direct 
labor  hours.  Additionally,  Allen/Farr  concluded  that  the 
addition  of  the  production  rate  variable  (full  model) 
further  enhanced  the  basic  model's  (reduced  model's) 
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TABLE  22 

SUMMARY  OF  MODEL 
ACCEPTABILITY  TEST  RESULTS 


TEST 

CATEGORY 

ST1 

ST  2 

CT1 

CT2 

Pass 

Pass 

Fail 

Pass 

Pass 

Pass 

Fail 

Pass 

Pass 

Pass 

Fail 

Pass 

Pass 

Pass 

Fail 

Fail 

Pass 

Pass 

Pass 

Fail 

Pass 


Pass 


Pass 


Fail 


predictive  ability. 

This  research  effort  substituted  the  DD  Form  250 
acceptance  rate  for  the  production  rate  variable  in  the 
Allen/Farr  data  and  concluded  very  definite  results.  Not 
one  of  the  six  models  tested  with  this  proxy  were  found 
acceptable  for  further  predictive  ability  testing. 
Because  Allen/Farr  experienced  satisfactory  results  with 
their  models,  it  can  only  be  concluded  that  acceptance 
rate  in  no  way  correlates  with  actual  production  rate  for 
the  Maverick  missile  data  and  is  not  a  reliable  proxy  for 
actual  production  rate  data. 

Both  of  the  statistical  tests  (ST1  and  ST2) 
indicated  full  support  for  the  research  hypothesis  in  all 
six  cases.  The  criterion  tests  (CT1  and  CT2),  however, 
produced  mixed  results. 

Referring  to  Table  22,  it  is  interesting  to  note 
that  whenever  Models  One,  Two,  or  Three  failed  CT1,  these 
same  models  passed  CT2.  Model  Four  failed  both  - CT1  and 
CT2 .  Equally  interesting  is  that  Models  Five  and  Six 
passed  CT1  but  failed  CT2.  These  comparisons,  together 
with  all  models  passing  ST1  and  ST2,  comprise  the  only 
noticeable  patterns  in  the  test  results. 

The  results  of  testing  for  Statistical  Test  One 
(ST1)  in  every  model  demonstrated  that  the  explanatory 
power  added  by  the  acceptance  rate  data  was 


statistically  significant  at  tbe  0.05  level  of 
significance.  Notwithstanding  these  excellent  results, 
all  of  the  models  either  failed  the  KS  test  for  normality 
of  residuals,  the  Durbin-Watson  tes‘  for  independence  of 
residuals,  the  constant  variance  test,  or  a  combination 
of  these  tests. 

In  summary,  the  results  did  not  support  the  research 
hypothesis  for  the  Maverick  data  used  by  Allen/Farr.  In 
fact,  the  models  were  not  even  acceptable  for  further 
predictive  ability  testing.  Chapter  IV  will  contain  the 
summary,  conclusions,  and  recommendations  for  these 


research  results 


CHAPTER  IV 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

The  years  following  World  War  II  have  presented  an  era 
of  increasing  complexity  in  DOD  weapon  systems 
acquisitions.  Air  Force  managers  attempting  to  plan  the 
acquisition,  operation,  and  maintenance  of  major  weapon 
systems  face  an  increasing  array  of  obstacles  in  the  form 
of  inflation,  spiraling  cost  of  energy,  and  international 
political  instability.  While  the  task  has  become  more 
difficult,  the  need  for  more  accurate  cost  estimating  has 
become  more  obvious. 

Direct  labor  is  one  of  the  most  significant  cost 
elements  in  a  major  system  acquisition  and  experience  has 
shown  that  direct  labor  costs  are  most  often  estimated 
using  learning  curve  analysis. 

SUMMARY 

Literature  Review 

Learning  curve  models  were  in  use  as  early  as  the 
1920s  and  even  more  interest  was  generated  as  a  result  of 
the  aerospace  industry's  experience  during  World  War  II. 
Over  the  years,  numerous  variations  of  the  basic  learning 
curve  model  have  been  Investigated.  Since  the  DOD  is 
constantly  faced  with  budgetary  and  political  controls  that 


cause  program  accelerations  and  decelerations,  tbe 
variation  that  has  the  most  promise  for  DOD  application  is 
the  model  that  considers  the  effect  of  production  rate 
variations. 

It  is  possible,  however,  that  this  production  rate 
variable  is  not  always  accessible  or  even  available  to  the 
DOD  researcher  interested  in  projecting  the  costs  of  a 
future  DOD  major  weapons  Systran.  When  these  data  are  not 
available,  a  proxy  must  be  developed  as  a  substitute  for 
the  production  rate  variable.  This  research  effort  has 
investigated  the  use  of  acceptance  rate  as  a  reliable  proxy 
for  the  production  rate  variable  in  the  attempt  to  predict 
direct  labor  costs  for  the  acquisition  of  a  major  weapon 
system. 

Most  of  the  research  on  the  effect  of  production  rate 
changes  concluded  that  production  rate  is  a  significant 
determinant  of  direct  labor  costs.  Smith  developed  a 
learning  curve  model  that  included  a  production  rate 
variable,  tested  the  model  on  airframe  production  programs 
and  concluded  that  the  model  yielded  promising  results. 
Smith's  model  has  been  applied  to  other  airframe  programs, 
avionics,  and  engines,  and  now  has  been  extended  to 
air-launched  missiles  in  the  form  of  the  acceptance  rate 
proxy . 
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The  Model 


The  production  rate  model,  which  Smith  called  the  full 
model,  is  presented  as  follows: 

Bi  B  2  e 

y  -  b  •  x,  •  x*  •  ict 

O  i  2 

where  the  variables  are  described  as  follows: 

Y  represents  direct  labor  hours, 

X^  represents  cumulative  output, 

X9  represets  the  production  rate  (acceptance  rate 
Z  in  this  research), 

e  represents  the  variation  which  remains  unexplained 

by  the  variables  in  the  model ,  and 

B  ,  B- ,  and  B„  are  regression  coefficients. 

To  facilitate  regression  analysis,  the  model  is  linearized 
using  logarithms  as  follows: 

Log  Y  =  Log  Bq  +  B^  Log  Xj^  +  Bg  Log  Xg  +  e 

The  reduced  model  is  identical  to  the  full  model  except 
that  the  reduced  model  does  not  include  the  production  rate 
variable  (2:98). 

Research  Objective 

As  stated  in  Chapter  I,  the  objective  of  this  research 
was  to  determine  if  the  DD  Form  250  acceptance  rate  can  be 
substituted  to.'  the  actual  production  rate  variable 
contained  in  Smith's  model  without  compromising  the 
predictive  ability  of  that  model. 


Methodology 

Linear  regression  analysis  of  the  logarithmic  forms  of 

the  full  and  reduced  models  was  employed  to  achieve  the 

research  objective.  Data  were  obtained  from  the  Maverick 

missile  production  program  and  the  treatment  of  these  data 

is  described  in  Chapter  II.  Testing  of  the  research 

hypothesis  first  required  determining  if  the  model,  using 

the  DD  Form  250  acceptance  rate  data,  is  acceptable.  Then, 

if  the  model  had  been  found  to  be  acceptable,  the 

predictive  ability  of  the  model  would  have  been  compared  to 

the  predictive  ability  of  the  model  using  actual  production 

’  * 

rate  data  to  determine  if  any  compromise  exists. 

To  determine  'if  a  model  using  the  DD  Form  250 
acceptance  data  is  acceptable  required  two  steps.  The  first 
step  examined  the  statistical  significance  of  the  model's 
regression  coefficients  by  regression  analysis  of 
historical  production  data.  This  step  was  composed  of  two 
statistical  steps.  The  second  step  involved  the  use  of  two 
criterion  tests  to  evaluate  the  appropriateness  of  the 
model  for  this  data.  The  dependent  variable  of  the  full 
model,  in  log-linear  form,  was  subjected  to  regression 
analysis.  The  independent  variables  were  the  logarithms  of 
cumulative  output  and  the  DD  Form  250  acceptance  rate. 


After  the  full  model,  with  the  DD  Form  250  rate 
incorporated,  is  accepted  as  the  result  of  model 


acceptability  testing,  its  predictive  ability  can  be 
determined.  This  determination  is  made  by  comparing  the 
full  model  with  the  reduced  model. 

To  determine  if  the  acceptable  full  model  is  a  more 
accurate  predictor  than  th^  reduced  model,  the  full  and 
reduced  regression  models  were  developed  with  the  last  12 
data  points  omitted.  Then,  using  these  models,  omitted 
values  would  be  predicted.  Then,  an  evaluation  of  the 
deviation  of  the  predicted  values  from  the  observed  values, 
for  both  the  full  and  reduced  models,  would  have  been 
accomplished. 

Had  the  models  been  found  to  be  acceptable  for  further 
predictive  ability  testing,  the  comparison  would  have  been 
made  using  both  a  statistical  test  and  a  criterion  test. 
The  statistical  test  is  used  to  determine  whether  the  full 
model  is  significantly  more  accurate  than  the  reduced  model 
in  predicting  the  labor  hour  values  omitted  in  the 
prediction  simulation.  Where  the  full  model  is  found  to  be 
a  significantly  better  predictor  based  on  the  statistical 
test,  a  criterion  test  is  then  applied  to  establish  whether 
the  improved  predictive  ability  of  the  full  model  has  a 
practical  significance  as  well. 
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CONCLUSIONS 


This  research  provides  three  primary  conclusions. 
First,  the  production  rate,  as  substituted  by  the 
DD  Form  250  acceptance  rate,  failed  to  explain  a 
significant  amount  of  variation  in  direct  labor  hours  in 
the  six  models  examined.  Of  the  six  models,  none  produced 
acceptable  results  using  the  acceptance  rate  proxy.  There 
was  no  evident  support  to  conclude  that  the  DD  Form  250 
acceptance  rate  variable  should  be  considered  as  a  reliable 
proxy  for  actual  production  rate  when  evaluating  missile 
production  programs. 

Second,  the  results  of  the  predictive  ability 
comparisons  were  not  able  to  be  tested  because  the  model 
acceptability  tests  were  failed  in  all  six  cases.-  Thus,  the 
DD  Form  250  acceptance  data,  as  a  proxy,  proved  to  be 
unreliable  as  a  substitute  for  actual  production  data  in 
the  prediction  of  direct  labor  costs. 

Third,  as  a  result  of  hypotheses  testing,  it  is 
concluded  that  Smith's  model  has  no  potential  for  missile 
production  programs  when  using  the  DD  Form  250  acceptance 
rate  as  a  proxy  for  actual  production  rate.  This  conclusion 
is  based  solely  on  this  research  and  in  no  way  infers  that 
other  proxies,  such  as  delivery  rate  data,  should  not  be 
investigated. 


RECOMMENDATIONS 


This  type  of  learning  curve  analysis  has  potential 
application  anywhere  that  learning  curve  theory  applies  and 
should  be  used  widely  within  DOD  to  test  the  effects  of  any 
moderating  variable  on  the  cost  of  a  major  weapon  system 
acquisition. 

A  related  recommendation  is  that  the  research  applied 
in  this  effort  be  conducted  on  delivery  rate  as  well  as 
acceptance  rate  for  other  production  programs  within  the 
DOD.  The  ease  of  obtaining  these  data,  compared  with  the 
difficulty  of  obtaining  actual  production  data  in  some 
cases,  makes  the  use  of  proxies  an  attractive  alternative 
for  DOD  researchers  interested  in  predicting  the  direct 
labor  costs  of  major  acquisition. 

Finally,  it  is  important  to  reiterate  the  Allen/Farr 
recommendation  that  a  checklist  guide  to  the  practical  use 
of  Smith's  model  be  developed.  Such  a  guide  would  encourage 
the  use  of  the  model  by  those  who  are  uneasy  with 
statistics  and  the  seeming  complexity  of  the  model  (2:103). 


APPENDIX 


THE  COMPUTER  PROGRAM  PRODRATE 


The  revised  version  of  PRODRATE  developed  for  this 
research  significantly  reduced  user  costs  and  increased 
program  usability.  PRODRATE  users  can  now  perform  essential 
residual  analysis  with  the  additional  PRODRATE  statistics 
and  the  statistical  packages  already  incorporated  in  the 
basic  computer  program.  In  addition,  several  options  are 
now  available  to  drastically  decrease  run-time  and  increase 
the  usability  of  the  prediction  routines. 

This  section  lists  the  computer  program  PRODRATE  in 
its  entirety.  The  original  program  was  developed  by  Colonel 
Larry  L.  Smith,  and  later  modified  by  Captain 
David  T.  Stevens,  Captain  Scott  C.  Allen,  and  Captain 
Charles  If.  Farr.  The  version  listed  incorporates  the 
original  program  and  all  modifications.  The  actual  program 
used  during  this  research  is  the  program  presented  in  this 
section. 
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7A3A  *  THIS  PROCRAB  IS  0ES1CNE0  TO  EVALUATE  THE  VARIATION  IK  DIRECT  LAECR  P.EWIREBEHIS  AS  A  "■/, 
VH  m  FUNCTION  Of  CUMULATIVE  PRODUCTION  AND  PRODUCTION  RATE.  IH  AuCUIOKt  THE  AKAUST  BAT 
2B£t  *  COMPARE  THE  RESULTS  AST A IKED  FROM  THE  SIASOARB  LEARK1KC  CURVE  KITH  THE  RESULTS  0EIAIKE9 
21K  *  FROM  THE  CUMULATIVE  PRODUCTION  AIID  PRODUCTION  RATE  BODEL.  THE  COST  BCDaS  USED  IH  THIS  *,/, 

3c H  *  PROCRAB  ARE:*.//, 

31ft  *  1.  REDUCES  BODEL  t STANDARD  LEARNING  CURVE  BODELI",//, 

3211  *  T  *  SI  *  (II  »•  SI)  »  III  »»  EI"i//i 

•  33ft  *  2.  FULL  BODEL  [CUMULATIVE  PRODUCTION  AMD  PRODUCTION  RATE  BODai*i//i 
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35Ct  •  ItHEHEs  T  IS  THE  DIRECT  LABOR  REQUIREMENTS*,/, 

3AK  *  II  IS  THE  CUMULATIVE  PRODUCTION  PLOT  POINT-,/, 

37Ei  *  12  IS  THE  PROOUCTtOR  RATE  FROIUE.C.  EQUIVALENT  UKITS  PER  MONTH)-,/, 

3CSX  •  E  REPRESENTS  THE  ERROR  TERR-,/, 
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152PC 

153?  072  PRINT  21 

154?  li  fOifol  (lliTLEASt  [JilER  IKE  NAME  OF  10UR  OATS  FILE") 

155?  i lifUIi  0A1AHLE 

1561  REAOIOA  T  AF I  IE .  • )  IN  ( I ) . KCASES 

157?  00  3?  UI.HCASES 

1SS?  READtOATAf ILEi*)lH(l)iHRSIl) iPLOTII) iRATEtll 

iso?  mi  •  alocii<has(M 

mi  mil  «  alocikplohm 

ui?  uni  >  aiocmiraieii)) 

162?  BRITEU.26H. MI). 11(11.12111 

1631  26  FORMAT  (lI.I2i21.FT.7i2IiFf.7i21iF3.7l 

16(0  SOMKtS  >  SUMHRS  ♦  KRSUI 

us?  sukii  >  sunn  ♦  mu 

no?  suniz  •  sunn  ♦  mu 

167?  sum  « sum  Mil) 

us?  ssu  •  ssn  *  mi)H2 

i6v?  ssn  >  ssn  ♦  nm«»2 

171?  SSI  *  SSI  ♦  T(I)«»2 

in?  sunni « sum 1 1  ♦  iimniu 
172?  smut  >  SUKI2T  ♦  nillMU) 

173?  s?.un « sRun  Mtuimtii 

17(1  3RC0KTIKUE 

l75iC:J!SS«s(5s*!««:i«J!:s!Jsss:::ssj::s(::j*imss:ss:i:s::»:j:ss:mss«s:::iJjj::is:!Ss:»:r.JSM 

1760C  DATA  CHECK  OP 11 OK  SELECTION  . 

177?Cii!:;s!::::: 

17S?  PRINT  35.0ATAF11E 

I7T?  35  FORMAT  111  >"00  TOU  KANT  TO  CHECH  DATA  AS  IT  IS  READ  FROM  FILE  *iA!i*  AK3  CONVERTED  TO  LOCARITHKS") 
1001  103  mroi.ftKSU£R(2) 

1011  IF  l ANSWER (2) ,E0. HQ*)  00  TO  l?4 
1021  IF  (ANSWER (2) ,E0.*TES“)  CO  TO  104 
1030  PRINT."  ANSWER  ICS  OR  NO  UNIT  PLEASE* 

1040  CO  TO  103 

1040C  PREDICTIVE  UllITT  TUT  OPTION  SELECTION 
1000  104  PRINT  40 

1ST?  40  FORM)  tlt.DO  TOO  WANT  A  COMPARISON  OF  THE  SHORTRANCE  PREDICTIVE  ABILITT  OF  THE  TWO  MOSELS") 

IT??  105  INPUT .ANSWER (31 
IT10  IF  (ANSWER (3). EO.TNH  CO  TO  106 

1K0  IF  (ANSWER  (31  .t#.*1ES*l  CO  TO  2*3 
mo  PRINT.*  ANSWER  TES  ON  NO  0K.T  PLEASE* 

MAI  CO  TO  105 

IT50  203  PRUT  42 

MM  42  FORMAT  ill. *E»TEI  PREIICTION  RANGE  (CASE  KR9ERS  FOR  FIRST  AW  LAST  CASES) *1 

1170  ITOO  IRPOT.ITRlPlC.  ITOESP 

MOO  IF (NOISES*  ITNONCM  .L£.NCASE$/2*2)Ct  TO  IM 

MM  PRINT  1104 

2001  1104  FORMAT  (IN  .’WRIER  OF  CASES  INPUT  EICEEI  ALLOUASLE  ANOVIT- REENTER  NONOtt  OF  CASE!  TO  IE  TRVRCATEO’) 
2110  CO  TO  MW 


/ 


::uz 

IfSK 


frojechon  cko  SExsnivm  katrii  option  selection 


itet  TIA  PRINT  <5 

Uil  IS  F5RRCTI1I.-CO  (01)  BSKT  PROJECTION  AN!  SEKSITiVITI  P.ATRII*) 
2111  117  INPUT .AKSUERMl 


:iu 
2121 
E13I 
21(1 
ZlSrC: 
2  UPC 


IF  (AKSWERIO.EO.’NO")  CO  TO  113 
IF  (AKSWERM)  .EO.'TES")  CO  TO  1PB 
PRINT."  ANSWER  TES  03  NO  0NL1  PLEASE" 
CO  TO  1ST 


EEC  IK  DATA  CHECK  OPTION 


217PC! 


» 


2101  lit  IF  ( ANSWER (2) .EO. "NO")  CO  TO  lit 
2171  PRINT  Si. DATAFILE 

22fl  SI  F0SJlATllKl>//.75(“i“)»/.  51.  "INPUT  DATA  AS  READ  FROK  FILE  *.A3i"  AND  CONVERTER  TO  LOCARITRIS”. 
221H  /i75ri’)) 

2221  PRINT."  LINE  DIRECT  Lf'tOR  HOURS  «  OJN  PROS  nOT  POINT  •  PRODUCTION  RATE' 

2231  PRINT."  KU5EER  RATlOh-L  LOCARITKI  «  RATIONAL  LOCARITHN  »  RATIONAL  LOCARITKT 

22(1  DO- AO  l>  UNCASES 

2 ESI  PRINT  SS.LNdUHRSU). TUI, PLOW). IllU.AATEm. 2211) 

22AI  SS  F0RNATI1I.12.I3.SI.F8. 2. 21. Ft. 7."  »  «.F8.2.2I.Ft.7."  »  ".F8.2.2I.Ft.7I 

2271  Ar CONTINUE 

22S?  PRINT  AS 

22tf  AS  FORNAT  UI.75I"i")l 

2311  lit  CONTINUE 

231IIl*tH*MHHMHI»»m**HIIH«mi*M»»M«»H*«mMHIMH»ll««»HH»»«H»«mi»IMH»»»»»»»»»IM 

2320C 

233FC  PART  II  •  PEARSON  CORRELATION  COEFFICIENTS  AND  RECESSION  ANALISIS 
23  UC 


237IC  CALC". ATE  AND  PRINT  PEARSON  CORRELATION  COEFFICIENTS 


233IC:: 
23tl 
2(11 
2(11 
2(21 
2(31 
2((l 
2(51 
2AAI 
2(TK 
2<3U 
2«tft 
2SPIC: 
25  IK 
252IC: 


::: 


::: 


:::::: 


RUT 

RUT 

PT1I2 

suit 

RI2I2 

NTT 


(SUSIlT-SUta  1  'SUilT/NCASES  >  /SORT  t  (SSI  1-  (5UI1X]«*2/KCAS£Si  I « (SSI-  (SURF**  Z/KCASESI )) 
ISU.122T-SUNI2,SI,NI/NCAS£S)  /SORT  1 1SSI2-  (SUtII2»«2/NCASESIU  CSST-  (SUNTM2/HCASEST 1 1 
(CN:lR-SUR21<SUnX27NCASESWSSR1IISSIi-lSUNIlHE/KCASES))i;$SU-lSURI2i<2/KCASES))r  ' 
t.l 
1.1 
1.1 

PRUT  7URtT.Rm,R:2T.Alir,RXlIURm2.R12UAII22,RI2I2 
71  F«!rJTI(lI,///ill.(5r«"l./.(I."PEA3S0N  CORRELATION  COEFf’ClENTS  ". 
*HATRlI*./,lI.(S("»"li/7.AI.'«".SI.T.AI."«".5Ii"n".5l.*»".5I. 

"22". Ml, «("«")./. IX."T".32.3l"»  "iFU. 7.11). /. IT. (Sl*»"). /.2I. 

"«".2I.3C«  "•Fll.7.1I)f/*IIi(SC"»’lf/«2I*"T2".2Ri3("*  ".F1I.7.II1.////I 

CALCULATE  AW  PRINT  THE  REGRESSION  RESULTS  OF  IKE  STAKOARt  LEARNING  CURVE  R30CL 


2331  It  >  (SUN21T-  ( (SURIWSWIT)  /NCASES)  I  /  (SSI  1  •  (SUIU1M2/NCASESI I 
25(1  TUN  «  SIKT/NCASES 

2*51  HRSRAR  •  SLWRS/NCASES 

2SAI  HIM  t  SUN11/NCASCS 


i 


03 


2571  HISS  «  SWWKkUS 

usi  ii  •  na-  n*ntw 

Z»l  t»  •  II.Htl 

UH  tFU«l3».EC."K*)Pf.lrt  779 

Jill  77}  fCt!Wn//lI.75C»*|,/|«.tt SUITS  OF  STIiSMS  LEA2X1JK  CUSVE  MCtl’l 

uu  truss 01. ec.'Wico  to  m 
2431  721*05 

jitf  n  rKUAUUiTsri'h/iUi.tEsais  of  the  sumas  leiminc*. 
as«  •  cm  wsa*./.iti75i,«*i,/,n,tj«-,ji,iiap.Ee*,siif«£Bt::i3*i 

jmk  s.nEstm.‘.siin  KvioTim 

2171  774  M  111  I'hKCWES 

utt  mu  « it  ♦  ii  •  mu 

2  it*  win » 1111  -  IMU 

2700  SGU  *  Wit  ♦  Klin  «  2 

27ii  wtm  *  unit  *  mu  -  turn  **  2 
272*  nut  •  if  »•  nun 

2730  KSIKtl  «  wsiti  -  TWI 

27t|  POCOT*  (KSIOtll/  t»S(tl>  •  lfl 

2790  W!  *  SSEI  «  KSTOItl**  2 

2740  SSTdt  *  SST01  ♦  OttSUI  •  WSIMtl  h  2 

2771  aiTCrSTtUi»r,2«UllH«KS»UI 
2711  21  FIGMTtFC.2iFf.21 
2771  tFUKtSI.ES.imSO  TO  111 
JIM  FKIRT  eM.KSSUl.THAT.KStlUl.PBWCT 

2110  10  FOSMT  (SZtl3t <IdFS«2.4X rFt.2i3liFI.2i 7I*f 4.21 

2020  110  COniKUE 
2i3»  aosEiriiE*>sTtnEwan 

2S1I  CSU  ST$TES("/S0ST**»  STXEASMrSIDCUSV£!21U!-l.-J*il20001 
JIM  10  2771  1*1. KC; 

2040  RESOCSTDCURVE1  »*) THAT iftESlDdl 

2041  $WKSIt«S«r.RES10UESl#UH*2 
2170  IFII.CT.tl 

2000  K$mF*KS10(lHtESUt!-ll 
TOM  WI»JF2*R£SI01F«2 
2100  KttIMMESIBSUIMKStllFZ 

2721  mo 

2737  2770  CKTIME 
2740  ICT4T*KllOSUVStfflKSl» 

2790  OOMESIKKStlS’JMt 

2770C  CKOMTE  Ut  FI  JIT  STATISTICS  F«  BK  STMMI  UAMIK  CWVE  MOK 

2770  Ml  KlXUSi  l 

9000  in  •  USUI  *  MU) 

Mil  MKL  •  IKLI  /  not 

mm  n  •  ion  iTwai 

MM  MHO  »  m  /  «  /  KMtt  •  11M  HI  /  tSKI  *  tSWttl  ti  2  /  ttASCSll) 

M40  KM  *  MIT  mttOI 

mm  itii  «  he  /  ismotn-o^mwcMom 

moo  mu  *  (Siiou  •  stall  /  mou 

3070  mu  •  CSSTOl-  SKIT  /  MTU 

mm  null*  im  i  iwi 

sow  rum*  no  ••  tu  •  mocioo  jiii  «  no 
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V.H  Ti Ik!  EI.Oi.SEEi.AEi.SI.SEn.RSSLI.SCE.TtfEL.IASRL.rSATlO.KDFO.RSOAl.PlIARX.DIfSTAT 

3111  SI  rOK«;;ilI.75n-i,/,»,-lKS  EQUATION  for  THIS  PJDEL  IS:  ‘i 

suit"  m  ika7  « sf »  u  ••  sr./.ji. 

:i3lt  "IK  LOC  FOR?.  THIS  «C£L  EECOPES:  10C!TWT1  »  LCDIEI)  *  II  •  lc:<IIJ"i 

31418  /»I:,*1S5RE:  LOCItei  -'•‘.FS.S.U.'STC  ERROR  «‘.F8.5.(l.“BI  *".F11.5. 

3 IMS  •-iFS.S.C.'STO  ERROR  «".F8.5. 

3Uit  Ml.'SVTnSRT  STATISTICS:"./.!!. 

31/it  "R  SQUARES  LOC  *“»f 7 .5,lfX*”ST0  ERROR  1ST  *".f  1U./.1I. 

3isit  ■'RSE*.i3i.“*".F».s.si.“r.sr.mi***tFs.Si/,u. 

suit  *f  raiio".vi."**.fv.(.si.*o.  r.  in/oi  *  i/*.i3./u. 

33 Fit  'S  SQUARED  ACML*".F7.5.8I."L£AANtNC  FACTOR  »*iFS.S."  PERCEXI". 

321ft  m.-OURSlK-WTSCK  SKTtSTIC^TV.l 
322it  /.1I.75<*«"I) 

*?"1" •■•••••■■••.■••••••••■'•••■•'faatctaa*********************!!**************************** 

33<IC  CALCULATE  AKO  PRINT  THE  RECXESSION  RESULTS  FOR  THE  REDUCED  HRS  V$  RATE  P.ODEL 

3381  S3  «  (SU1H2T-  ( (SU.MZiSUM)  /KCASES)  1 / ISSI2- 1SUH2  *  »2/HCASES)  1 
327S  SI  >  TSAR  -  S3  «  XZBAR 

33 tl  ADM0HM 


32?;  !F(AHS(3V.EQ.*TES")C0  TO  3S3S 
33 ii  FRINT  E3J 

3311  831  nUSMTU/UiTSm/liZi' “RESULTS  OF  RECRESSIOH  OX  PRODUCTION  RATE  VARIABLE  ALONE*) 
332f  CO  TO  3801 
333?  3831  PRINT  S3 

33(1  82  fOKP, AT <11.75 (“»*) i /.111 i "RESULTS  OF  RECESSION  OK  PRODUCTION*. 

335ft  *  RATE  VARIABLE  ALONE” 11.75 !"«’li/tUt"CASE“i3Ti"0BSERVEB".5Ii 

33HS  "PRE0ICTED*.3Z. "RESIDUAL*. 5I."I  DEVIATION”) 

337  )  3881  DO  111  IM.NCASES 
3338  TRAIL  »  81  ♦  83  »  33(1) 

3311  RESIDE  «  Till  *  THATL 

3(11  SSEL3  >  SSELZ  ♦  RESIDE  *<2 

3(11  SST0L2  >  SST0L2  ♦  (III)  -  TSAR)  M  2 

3(31  THAT  •  IS  *♦  THAa 

3(31  RES 10(11  »  HRS(I)  -  THAT 

3(40  PERCENT:  (RESID(l)/  HRS(Il)  «  111 

3(51  SSEZ  *  SSE2  ♦  RESlDIIluZ 

3(81  SST02  >  SSTD3  *  IHRSIII  •  HRS8ARI  ft  2 

3(71  vaiTErREBHayRS".38ITXAT.RSSIDU) 

3(61  IF(ANS(3).£Q'”HQn)C0  TO  111 

3(Vf  PRINT  8S. I.HRS(I) . THAT. RESIO(I) .PERCENT 

3511  11)  CONTINUE 

3515  CLOSE (FILE1 1 REOHOUAS*) 

3511  CALL  SISTEKl’ /SOUTH!  R£0KQUR$iREDCURVEi2R8i-l»-2'.t33U> 

3521  DO  331(  IM.RCASES 
3531  KADt’SDCinvE’.OTHAT.RESIOUl 
3531  SWSES»>SUHPES10«RES!ttl>!«2 
35(1  IFU.CT.l) 

3551  RES!llf*RE$!D(!)*RE$!OI!*U 

3581  RESI0IF3>RESlDIF'i3 

357)  RESltSUH«RESIBSUH*R£SIDIF2 

35V)  EKDIF 

381 f  3314  CONTINUE 


/ 
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i 

i 

\ 


i 

I 

■i 

.T 


Sill  RSIA1 =RtS! fSCS/STORES I D 


3422  $LWiESI»*SESlOSyil*t 


344K 

345?::: 


CALCULATE  AND  PKIKT  STATISTICS  FOR  I  HE  KCUCED  HRS  VS  RATE  KC 


£L 


3itf  33(2  7KSRL*(SSIOl2-SS£L2> 

3472  IRSEL  *  SSEL2  /  KDFO 

34S2  SCE  *  SORIURSai 

34S2  VARBf  '  SEE  /  (1  /  MCASES  *  Z2SAR  «#  2  /  tSSIZ  -  ISUIU2  »*  2  I  KCASESU) 

37(1  SEN  >  SORT  tVARSi) 

3711  SES2  *  SEE  I  (SORT  1SSI2  -  (SURT2  *«  2  /  ((CASES))) 

3721  RSOL2  *  (SSTOL2  -  SSEL2)  /  SSTQL2 

3731  BSSA2  *  (SST02-  SSE2)  /  SS702 

37(»  (RATIO1  TRSRL  /  TRSEL 

3751  PRINT  E3i82iSERtiAS4i22iS£S2iRSSl2iSE£iTHSEliT!l.SRl.(FRATtDiKOFBtRS«A2iSIISTAT 

3741  S3  FOn.W(lI75ri")/II"THE  EQUA1ION  FOR  THIS  NODEl  t$:  " 

377 tt  “  THAT  *  If  •  Q  **  S2’./.1I 

37211  "IK  IOC  FQRR  THU  ROUEl  SECORES:  IOC  I  THAT)  »  LOO  (El)  *  S2  *  IOCII2)", 

37«t  /.lirWHEFE:  LOCI.#)  •-*.(«. 5. «. "STD  £«)(«  «"iFI.5i«."H  «"»FU.S. 

3S2M  /■  L3I > ”B2  ="iFS.5. «I i“ST0  ERROR  *".FB.5» 

3J1K  /.ll."$U«ARI  STATISTICS!"./! IX* 

3S2K  *R  S3UASE0  IOC  *">F7.SiifIi"STS  ERROR  EST  >".FU.4t/tMi 

3S3K  "BSE"i13Ii"!"iF(.5.SIi“RSR"iUIi*,"iF?.5i/.1Ii 

3S«t  f  RATIO“iVI.*!"tF(.(iSI."B.  F.  (N/OI  *  l/*rl3t/,lli 
385K  *R  SQUARES  AtTUAL«"F7.5/Jl“BURBW*IMTS0N  SIATI STIC- “FT .i/ 1  ITS ! “«”) ) 

3S7RC  CIRCULATE  AND  PRINT  THE  REGRESSION  RESULTS  F6R  THE  FULL  RODEL 

30E3C* • **: ••j:::::::::::*::::*":::::::::::*::!::::!:*::::!::#*::*:::::*:!:::**!:*::):!!*:::*::::::*:::::: 
3EM  SEROR  *  US$U-IlEAR«$WIi)*t$S12-UBAR*$URI2)  -  tS).Ii:2-IiBSR»SUKI2M»2) 

3 «(  81  *((SSI2-I2$ASiSUNJ2)MSUHm-UEAR«S:jRT)  • 

3?llt  (SRI  1 22-1 1EAR>$)J,1I2)*(SUR2ZT-I2£AR<SUI(TI! /DEMON 

3V2I  12  «  USSU-MAS*$U«n  MStfU2M2SAS*SU«I>  - 

y393«  (SRim-UEARiSi.RUZlKSURin-USARiSUMM/KNOH 

3(41  E|  •  TBAR-BHI1BAR-B2H2BAR 

3?5#  AM  >  1I.«»8I 

ISM  IF(AKS(31.ES."TES*)C0  TO  4321 
3V7I  PRINT  141 

3V8I  841  FOR71AT(//nr75(*n/AI, "RESULTS  OF  COKSINEO  CUMULATIVE  PRODUCTION  AND  PRODUCTION  RATE  HOSa")'  ' 
3MI  CO  TO  43M 
AIM  4321  HINT  04 

4111  14  fORRATIU»75(“«")»/i4ti"RESULTS  OF  COKBIKED  CUMULATIVE  PRODUCTION*. 

412ft  "  AND  PRODUCTION  RATE  MDa*./.tI.7S("i")r/rUr'CAS£*.3I."0BSERVEU*.5I. 

41311  Tf.E:iCTED"t5I»*R£SIDUAL*iSIi"I  DEVIATION") 

41(1  (3tf  DO  U2  l*  l  iNCASES 

(is#  wAa  « ss  ♦  it  •  inn  ♦ » •  inn 

AIM  RESIDL--  Til)  -  THAR  . 

4i7i  ssa  *  ssa  ♦  resicl  « i 

4151  SSTOL  >  SSTOL  ♦  (Id)  -  IIAR)  «  2 

42(1  THAI  Ml  *>  THAU 

AIM  RESID(I).  KRSIII  *  THAT 

<ttl  PERCENT*  (REStDd)/  HRSUT1  *  Ilf 
4121  SSE  >  SSE  «  RESIDd)**  2 


/ 
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<13*  SSTC  «  SS7C  *  (KS'll)  •  KSSBAR)  •»  2 

<t‘»  WJUmUME’.“>2S)WM,StSIDm 

<1 57  tF(AKS<31.E:."W")CO  10  112 

<16 *  PRIM  SriliHRSdUlHAIiRESIDU), PERCENT 

<17#  112  COM  I  WE 


<175  CLOSE (FILE*  ’FULUlODL') 

<I£{  CALL  SISTERC/SORUh  FULLItO0L;FULCURVE;2RS;-i,-2',S38W) 

<!7f  DO  3S6<  l *1, (.CASES 

<20?  READI'FUL CURVE1 i«)lHAI,R£S10U) 

<2*1  SttKESlD’SLttRESlD'F.ESlDlDiiS 
<21*  IFU.CI.ll 

<22*  RE$10IF=R2s!D(l)-fi£$[0U'll 
<23*  RES1D1F2=RES1D1F«i2 


<2<*  RESIDSUH=RESIDSUH*RESI01F2 

<26*  EKD1F 

<27!  3061  COM  I  S'JE 

<28*  OKIAV-RESIOSUS/SIWRESIO 

<23*  SUSSESlD=RESlDSilK=e 

<3?ec  CALCULATE  AKO  prim  statistics  for  the  full  hodel 

<31IC::j:::: :::::: ::::::::::::::::: 


<32*C< 

<53*  337*  KOFD-RCASES-3 
<:•<*  TRSRL  *  (SSTOL  -  SSEL)  /  2 
<358  Ir.SEL  >  SSa  /  VCFD 

<36*  SEE  ■  SORT (TKSEl) 

<37*  ZVAL  *  KCASESi  (SSI!  «  SSI2  -  SRI  112  »»  21  -  SlKUUISUKIl  #  SSI2  - 
<3eK  SKI  lit  «  SlStltl  ♦  SWlUtSW.lt  *  SRIltt  -  Sail  *  SUM) 

<37*  AVAL  «  1SSU  •  SSI2  -  SRIIH  •*  tl  /  ZVAl 

«*»  VAF.B8  =  TT.SEL  »  AVAL 

«.l* _ SEE*  *  SORT  (VARB*) 

«2*  SEB1  *  SOSTUTP.SEL  •’  <SSI2  •  I2BAR  «  SURI2I)  I  DEKOlil 

«3»  SEB2  «  SORT  1(1  ICE'.  «  (SSIl  *  1 1  BAR  »  SUKUI)  /  DCKOfft  •  '  • 

<«*  RSOL  =  (SSTOL  -  SSEL)  /  SSTOL. 

«5»  RSOA  *  (S5T0  -  SSE1  /  SSTO 

<<61  FRATIO*  THSRL  /TKSOL 

<<7*  FBI  >  (RSOL  -  RS0L21  /  (11  -  RSSLI  /  (KCASES  *  311 

U3»  FB2  *  (RSOL  -  RS8L11  MU  -  RSOL)  /  (KCASES  -  31) 

««  *5'**,s£M,*M’81's«l'FBl>52'SE52,FB2lRSOLrSEE.TP.Sa»THSaLrFRATlO.KOFIl,RSOA,DliSTAT 

<5M  BS  F0RHAT(Ui75t'»*)i/ilIi“T!!E  EQUATION  FOR  THIS  RODEL  IS:  "i 
<51Bt  •  THAT  «  B*  *  11  »•  81  *  12  mB2\/i)I, 

<52H  “IN  LOC  FORK  THIS  Mlia  EECQHES'.  lOCITHAt)  »  LOC (BIB  ♦  B1  «  LOOIII)  ♦  Bt  *  L0C(J2)”i 

<53*1  /.U.-KKERE:  LOC!!*)  **,FS.5«<I,"$TD  ERROR  «*,FS.5,tl,“tl  «*,FI1.S, 

<5<l»  / i 131 . "El  «",F8.5.<J."STD  ERROR  *",F8.S,U,"F«  t",FIM,/, 

<55K  13Ii“B2  *"iF8.5»<Ii"ST0  ERROR  «",F8,5><X,"F«  **,Ftl.<t/,ll, 

<5611  -SBWIARl  STATISTICS:",/. II, "R  S8UARED  LOC  **,F7.5,1B1, 

IF®  ES*  *"iFll.<i7ilIi"l!SE"(I3I<**"iF7.5i8Ti,.“.SR*tIlXr*“lF7.5t/ilIi 
CBBA  "F  RATIO", ?!,"«*, F3. «, ?i,"5.  F.  (»/J)  *  2/", 13,/, II, 

<57*1  "R  SOUAREO  ACTiJAL«"F7.5/irDURBlN-WATSON  STATl$TJC«*F7.i/;i/5r*“H 

. . . . . . . 

<61 BC 

<62*C  PART  III  •  PREDICTIVE  ABRITT  TEST  OPTION 
<63*C 


•  il 
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U5I  IF  l«:ii£R(3).K.“W‘l  CO  10  114 

U4t  If US3 13)  ,ES.  "WJPRIlil  1173 
U4t  iTRisc^casts-nswiCM 
U7F  lIOCUF’KCASES-nOEUPM 

use  do  U3  kitoelt.iirukc 
U9I  msi  >  (CASES  *1-1 

<?ee  1173  formti//) 

<711  IF(AK$13).EC.'!(9">C0  10  (SSI 
<720  FRIKI  8it ITESTf HRS l ITEST1 

<731  Si  r08nAHt:ilUri*l,/,lIi*i*.37I."SK08Tl!AKCE  PREDICTIVE  AIILltl  *» 
<7104  *C0!ffASlS0r.371.“»,’./.U.*»".ltI» 

175ft  *IKE  DATA  FRESEKTED  CELOU  IS  FOR  CASE  I", 12,"  ITHICH  HAS  AH  OESERVEO'i 

17411  ‘  VALUE  Of  i"iF9.2il41i“«"»/» 

17711  11, !14("»")i/lli*»".31.‘ri31i"**i«. 'REDUCED  (LEASKINC  CURVE)  ", 

<7£0t  "HODEl*, Sit'll*, 31, "FULL  ICUKULAT1VE  PW6UCI1DK  t  PRODUCT  1  OH  RATE)  *, 

17904  "R00EI*»2Xi',’i/i1I»'**i“  CASES  MfSn")./,H,"«  USED  *  “i 

{UK  "FREOICTIQH  «  l  OEVIAUOK  •  ESI  8*  *  ESI  61  •»  *, 

101M  'PRE2ICTI0K  •  I  DEVIATION  ♦  EST  S»  •  ESI  II  ♦  EST  II  **i 

<$2ft  Mliiumi 

<131  <900  00  lit  J<1,IIRUKC 

1811  T CASES  =  1IEST  -  J 

<S5f  SURT  >  I 

1541  SUHll  >  t 

lS7f  SUHll  *  I 

ISof  SSU  *  8 

1990  SSI2  *  f 

«e«  SORUT  * « 

me  suuzT  > « 

me  SKixz  *  e 

<931  DO  115  KM.1CASES 

1910  SUM  *  SUM  ♦  TU) 

<951  SUHZI  >  SUHll  4  II  IK) 

1941  SUK1I  >  SUM!  *  12  IK) 

<971  SSU  •  SSXt  4  IKX)  M  2 

<901  SSU  •  SSX2  «  IllX)  •»  I 

<991  SUX11T  ‘  SIHII1T  ♦  IKX)  •  KK) 

5»fl  SUM2T  •  SUHX2T  «  12  IK)  4  KK) 

5111  SKI1I2  •  SMI  1 12  4  IKK)  »  IKK) 

5021  115  COXTiKUE 
5I3S  1C01HTA  >  1C0UKTA  4  1 
5111  I  MX  >  SUM  /  I  CASES 
5151  X18AR  •  SUHll  /  1CASES 


SHI 

5170 

5111 


12MX  •  sum  /  1  CASES 
»i|-  V<sumr-  uslsxi" 


•'sum  rriCAsEsTiT  TSir^Biini  ‘  t  V  iCASttU 


IfX  *  TIM  •  111  •  KMX 


5191  MIX  •  II  H  IfX 

5111  TMATX  •  It  44  (IM  4  |1X  i  XKITEST)) 

5111  DEVI  •  HXSIITEST)  -  THAT! 


5121  AXVX(ICOUXTA)  •  AISIOEVXI 

5131  SOHAOEVX  «  SWIADEVX  4  IDEVRllCOUXTAl 

5111  RDEVX  •  111  i  KVA/WSI1TEIT1 


S1SI  AP9EVK  •  AlS(ftEVK) 
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5 III  IF  <t-KVR.CT.lr.fi  CO  TO  201 

i\n  icovMcs  *  lcewrcs  ♦  i 

51S0  IF  iC-O-VR.CT.S.t)  CO  10  201 
519S  :-“:ST£R  =  ICOUHiER  *  t 

5if.'  211  oes;*  «  (iJsii-m^.isOTnussit-itrJMsnizi  -  tsKiiiz-iiEARtsuRizimi 

5211  Sir  *  5tSSn-5UAniSiKU)«ISU!!m-IIKR*SU.MI  - 

i:ut  iSRri«-nF«?«H'p.i2H(sur.«i-U3ssisranwoEi:M 

523)  E2F  '  C CSSn-XIS^«SU!»tl •  tSHKZ2I~XZEftStSur.fi  - 

s;»ot  (suuz-itiAiisiiRUKtsimm-iiBM'SURm/Ksai 

5250  Blf  •  IBM  •  Blf  I  ms*  •  BZF  »  12BAR 

5241  A80F  >  to  »•  BOP 

5270  1KATF  *  10  u  (EOF  «  81F  •  11  WEST)  4  I2F  «  ZZtlTCSTIf 

SCSI  DEVf  »  mSJITESTI  -  JHATF 

5290  AOEVr  (ICPJKTA)  *  ASSIKVF) 

5300  SURSBEVF  =  SUKADEVf  4  AOEVF ( 1C0USISI 

5311  POEVF  «  100  •  DtVf /HRSIITEST) 

5320  AFIEVF  *  ABS1FDEVF1 

5330  IF  <APDEVF.CT.li.Cl  CO  10  212 

5340  ICOUKTCF  »  ICOUKTCF  4  1 

5350  IF  (AFSEVr.CT.5.0)  CO  10  202 

5340  lCKjMEf  •  1COUKTEF  4  | 

5370  202  IF1AKS<31.EQ.-S0")C0  10  111 

S3S0  FRIST  B7, ICASESiIKSTK rPDEVR.AEORiBlRrTKSTr iPCEVr lAEfriBIF iE2F 

5330  87  FOR.'lSI(lI."«,,i22iI3i2Ii***ilIif5.2.2Ii"«“i3Iir4.2i<It”4,'iF9.2ilIi 

5<*it  *»'iFS.5.11»“»»*illiF?.2i2Ii‘4".3ZiF4.2f<li"«"iF?.2ilIi"»".F8.5t!Ii 

5M"t  -•-,rs.5.IX.“*-0 

5120  111  COST! WE 

5130  IF(AHS(3).EJ.-KO")CO  TO  55T0 

Ci jc  001V.T  co 

5130  88  FORSA.T ( II » 1141***1 »//////! 

514e  5590  COUKT'CCUXm. 


4 


5170 

5180 

5190 

5500 

5510 

5520 

5530 

5510 

5550 

5540 

S57IC:s 

5S80C 

559CC.S 

5400 

5410 

5420 

5430 

5410 

5450 

5440 

5470 


FLAC1  =  COUHT  /  2.0 
FIACZ  *  RAC1  -  1ST  1FIAC11 
IF  (FLACZ.NE.0.01  CO  TO  U3 
113  COST I SUE 

AVCSCEVR  <  5UKA0EVR  7  ICOUKTA 
AVCSOEVF  «  SURADEVF  7  ICOUKTA 
DO  119  I  <1 i ICOUKTA 

SSDEVR  <  SSOEVR  4  (AOcVRlll  •  AVCSCEVR) «»2 
SSKVF  «  SSDEVF  4  ISDEVr(I)  -  AVCADcVr)«*Z 
119  CGSTIHUE 


CALCULATE  AMD  FRIST  RESULTS  SWttART  FOR  PRECICTIVE  ABILIIT  TESTS 

VARSOEVR  •  SSOEVR  7  (ICOUKTA  -  11 
VARAOEVF  *  SSCEVF  /  (ICOUKTA  -  11 

TESTSTAT  <  (AVCAOEVR-SVCSDEVn/SWTUVMIADEVR/lCOUSTAMlVARAOEVr/ICOUlIAll 

WESTER  *  ISO  4  ICWHTE*  7  ICOUKTA 

PCEKTCR  >  100  •  ICOUKTCR  7  ICOUKTA 

PCESTEF  «  ICO  «  ICOUKTCF  /  ICOUKTA 

PCEKTCP  *  ISO  i  ICOUKTCF  /  ICOUKTA 

PRIST  95*  SVCSSE VRi AVCSOEVF  .VMAIEVR. VARA OEVF  i  TESTSTAIi  ICOUKTA* 
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Si-01  ICOL'NIA.  ICCUMEfi.  lCOJNTEf  iFCENICR.fCiKTEF  .ICCl/VlCR.  1  COUNT  CP  .PCEKTCRi 

st«oi  pcentcp 

5700  15  fO»rAitlt.t7t*«"J./.lI."«".IIX»"Sa»iRT  Of  PREDICTIVE  AEtLITI  tests*. 

STiet  *  RESyiTSH.lZIi*»*./ilI.47l“i"l./iSIi"i"iSIi“iTtlS  Of  IKIERESr.SX. 

S7:«  •*  keduceo  kooel  •  pull  kodel  •*./.tt.i7c*o,/,ii.'i  averace  *. 

573C1  "ABSCLITE  0SVl»Ti®r.7I."»".31.r9.B.3I.”«'.B:.r9.2.3I.’i"./.lI.  ‘  ' 

57411  *•  VARIANCE  Of  ABSOLUTE  B£VIAlIOKS".BI."i".lI.ril.2.3l.‘i".Fll.B.Jl, 

57511  TEST  STATISTIC  (SEE  NOTEI".Bl."»*.AI."— MI."»".2I. 

57411  P9.Z.3I."'"«/illi"i  TOTAL  NUKDER  Of  TEST  SITUATIONS  •".4I.I3.iI."i*. 

577*1  $I.I3.iI.*»*./.II."«  KUflBER  OF  moidlOKS  HITH1K  51  f.il. 13.41. 

S7C01  *»".5I. 13.41. "•*./. 1I.*»  PERCENT  Of  PREDICTIONS  VMHIK  ST  •"•iI.F4.fi 

57901  51. ••".S1.M.I.31. *•"./. II. *•  KUKEER  Of  PREDICTIONS  VITKIN  lit  «". 

5SPM  41. 13. 41. "•".5I.I3.4I. “»*./. 11, "•  PERCENT  Of  PREDICTIONS  VITKIN  Ifli*. 

58101  il.Fl.f ,51.*'*iSI.F4.f.3Ii"»"i/.II.47("«"l./,U."tlOTt:  IK  TESTIKC  FOR  *> 
5BBP1  "STATISTICAL  SICKIF1CAKCE  USE  SU'OENT'S  T  DISTRIBUTION"./. IX 
SS3B1  "IF  THE  KUKEER  OF  TEST  SITUATIONS  ARE  LESS  THAN  LAI  OTHERWISE  ". 

58411  "USE  STANDARD". /.II. ’NOR, O.  DISTRIBUTION.  IK  EITHER  CASE  THIS  IS  *. 

5S501  "A  ONE  TAILED  TEST.  IF", /.II, "THE  TEST  STATISTIC  IS  CREATER  THAS  ". 

50401  "IKE  CRITICAL  STATISTIC  ONE  HAT". /.II. "CONCLUDE  THAT  IKE  AVERACE  *• 
58701  "At SOLUTE  DEVIATION  OBTAINED  WITH  TIC  FULL". /.I  l.  "MHO.  IS  ". 

5SS01  "SICKlr  ICANTLT  LESS  THAN  THAT  OBTAINED  HUH  IKE  REDUCED  ROOEL.’I 

5ST0  PRINT. "FILES  LOCFILE . SI DLEARN , REDHdiRS . AND  FULLKCDL  WRITTEN." 

591IC 

SSZK  PART  IV  •  PROJECTION  AND  SENSITIVITT  RATI1I  OPTION 
5S3K 

5950  111  IF  (ANSWER MI .E4.*K0")  CO  TO  IBS 
5948  AWLOT  *  PLOT  INCASES) 

5971  DO  117  Ul.lll 

5989  ADDFLOT  «  ADOPLOT  ♦  .11  •  PLOT IKCASES) 

5991  NEHPLQT(I)  *  INUAOOPLOT1 

HOI  ADDRATE  <  .41  l  RATE  INCASES) 

4819  DO  tlB  J«l.9 

4829  ADDRATE  >  ADDRATE  ♦  .1  #  RATE  INCASES) 

4939  PRORATE (J)  *  ADDRATE 

484*  FKRSU.J)  »  All  •  H£HPlOT(l)*«Dl  ♦  PR0RATEMI»»B2  ' 

1151  UR  CONTINUE 
till  117  CONTINUE 
in  ISTART  >  I 

mi  istop  >  si 

4191  DO  111  K«l.B 

1111  PRINT  89. IPR0RATE(J).J«l.9I 

till  19  F0RHAT(U.ll3<"«*l«/tlX. "*".391. "PROJECTION  AND  SENSITIVITT  KATRI1*. 

41294  39I.’«"./.1I.II3("«"). /.».*•  PROJECTED  *".3£Ir "PROJECTED  PRODUCTION". 

41311  "  RAIES*.3U."»". /.«."•  CUMULATIVE  «".99(*i*l./.»."»  UKUS  »". 

41411  9(P8. B, BI. "•"!./. IT. 113("'")1 

4151  DO  121  1US1ARI.  ISTOP 

4141  PRINT  9f.K£liPL0T(I)i(PKRS(I.J).J<ii9) 

4171  9#  rORKATm.*«".3t.U.Jl.*«".9m.fl.I.U."»"U 

tltl  121  CONTINUE 
4191  PRINT  91 


421t 

ittt 

mu 

mu 

42SK 

424CI 

427ft 

424ft 

429ft 

434ft 

431ft 

4324 

4331 

43(1 


FK1K792 

K  Ki'SSVl-J?’*?0  fW  ftlStCT  lUM  MWS  »| 

-[•If'uw ! f  !0,t  a*,Ml  E;  BSTGi*«  «  MSB  KCBuCTICK’i/tlf,  ■ 

4sl«  rw  iiSr  iSrL15cC!l?MI,v£  bk:ts  “»  K»iw  the 

fOR  BircCT  UibOK  MOORS  FOUKO  AT  IK?  iKTtR'rcmir./  tt 
*0?  ME  eoBEsraais  m  m  counu  rmc-s  •«  :«  ??  ’  . 

•CUS1UI1VE  fSODUCIJOS  t  P2Gwcno  \;72  0"  -  /';  tV  :(  lr. 

:'S  ssjs-vj-  -» ■  >1  Mi  «£&££. 

istot  •  iff 
124  COKtlKUE 


4354  125  S1CP1 
4344  EKB 


Sample  PRODRATE  Output 

This  next  section  provides  a  sample  output  of  the  abbre 
viated  and  full  format  options  using  simulated  data.  The 
'data  base  was  developed  by  Stevens  and  Thomerson  (15:127) 
to  demonstrate  how  the  PRODRATE  program  works.  It  should 
be  noted  the  data  were  developed  to  demonstrate  superior 
results  for  the  full  model.  The  program  instructions  are  . 
presented  first,  then  the  abbreviated  format  followed  by 
the  full  format.  This  comparison  of  the  optional  formats 
will,  hopefully,  demonstrate  the  value  of  the  abbreviated 
option. 


«<>t.»«l.4t<4li<l>>«4..>.H<<lti<)<»4..l<<l.<<<.<lt<tl4l44ltl<<.l<U.«4<Mllii...<H4..44...<tt<<.« 


PRODRAIE  INSTRUCTIONS  ’ 
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THIS  PRKSAM  IS  KEICK20  TO  EVALUATE  THE  VARIATION  IK  DIRECT  tASCR  ESUIREKEKTS  AS  & 

fi'vrnoK  cr  cu-jiattve  rpaaciiON  and  prowctics  sate,  ik  asditios.  the  akalist  rat 

COMPARE  THE  RESULTS  KTAISED  FROM  THE  STANDARD  LEARNIXC  CURVE  KITH  THE  RESULTS  CHAINED 

from  the  cumulative  production  and  production  rate  rodel.  the  cost  rooels  used  ix  this 

PROCRAX  are: 

1.  REDUCED  RODEL  t  ST  AWARD  IEARKIKC  CURVE  RODEl] 

T  *  tf  *  Til  44  Rll  4  III  44  £) 

2.  FUU.  RODEL  [CUMULATIVE  PRODUCTION  AXO  PR03UCTICX  RATE  RODEL) 

1  «  If  <  m  44  111  4  <12  44  ID  4  (If  14  E) 

MERE:  t  IS  THE  DIRECT  LAWS  REOUIRER.EKTS 

IT  IS  THE  CUMULATIVE  PRODUCTION  FLOI  POIKT 

IZ  1$  THE  FROOUCTIOK  RATE  FROIIIE.C.  EOUIVALEKT  UKITS  PER  KONTH) 

C  REPRESENTS  THE  ERROR  TERR 

If.  II »  AM  K  ARE  PARAMETERS  QEIERX1NED  DT  RECSESSION 

DATA  ARE  1KFU1  CT  READIRC  FROM  ART  PROPERL1  FORMATTED  DATA  FILE.  TOUR  DATA  FILE  SHOULD 
CE  SAVED  TO  ART  PERMANENT  FILENAME.  IOU  HILL  EE  ASX  TO  INPUT  THE  KA1S  OF  TOUR  DATA  FILE 
AT  THE  APPROPRIATE  STEP  IX  THE  PROCRAX.  THE  NAME  OF  TOTS  SATA  FILE  CAR  XOT  EXCEED  I 
CHARACTERS.  THE  FIRST  LIKE  OF  THE  DATA  FILE  RUST  CONTAIN  A  LINE  NUHEER  AW  THE  NUP.DER  OF 
CASES  TO  EE  REAS.  THE  DATA  IS  THEN  ENTERED  ONE  CASE  PER  LIKE  IN  THE  FCLLOUINC  ORDER: 

LINE  KUr.tER,  ODSESVED  DIRECT  LAtOS  EE  TO  I  RESENT  <».  CUMULATIVE  PRODUCTION  FLOT  FOIST  IZUi 
AND  PRODUCTION  RATE  FROM  (121 .  THE  PROCRAX  USE’S  A  FREE  FIELD  READ  FORMAT!  THEREFORE. 

EACH  VARIADLE  DUST  CE  SEPARATED  CT  AT  LEAST  ONE  S' ACE  (OR  OTHER  DELIXTTER)  CUT  80  OTHER 
SPECIAL  fORXAT  IS  RECUIRED.  AX  E2AXFLE  OF  A  DATA  FILE  WITH  5  CASES  IS  PRESENTED  EELOU: 


l«l 

m 

S 

IDS 

».S 

V.5 

102 

fl 

31 

ZI.S 

IDS 

SI 

55 

25 

IDA 

75 

R2 

27 

US 

71 

113 

31 

OKE  AOVANTACE  OF  THIS  PROCRAX  IS  THAT  THE  RESULTS  OCTAIXED  VIU.  S£  IX  THE  SAXE  UNITS  AND 
rORX  AS  THE  INPUT  DATA.  FOR  EIAXPU.  IF  TOU  ARE  WRNiNC  IN  DIRECT  LABOR  HOURS  PER  KOKTH 
AND  EQUIVALENT  WITS.  THE  RESULTS  VIU  DE  IX  TERNS  OF  THESE  UNITS.  ALSO.  IF  TOU  WISH  TO  USE 
A  CUMULATIVE  AVERACE  APPROACH.  AU  TOO  NEED  00  IS  ACCRECATE  THE  SATA  CASE  IN  THAI  HANKER. 

THE  PROCRAX  SECINS  DT  TRAttSFORXIKC  IKE  INPUT  DATA  TO  COMMON  LOCARITWIS.  LOC  LINEAR 
RECRESS  ION  IS  THEN  PERFORMED  AS  FOLLOW:  T  REDRESSED  ON  IT.  I  REDRESSED  0*  12.  AND 
FINALE T  X  REDRESSED  ON  COIN  IT  AND  12.  OISERVED  DIRECT  LABOR  REQUIREMENTS.  PREDICTED 
DIRECT  LACOR  REQUIREMENTS,  AND  RESIDUALS  ARE  PRINTED  IN  ORICIKAL  (UNTRANSFORNED)  FORM  FOR 
CACN  REDRESS! ON  SITUATION.  IN  ADDITION.  SMKHART  STATISTICS  ARE  PRINTED  FOR  EACK  RODEL.  THE 
SUXXART  STATISTICS  INCLUDE  TOO  COEFFICIENTS  Of  DETERMINATION  R  SDUARED  IOC  AND  R  SOUARED 
ACTUAL.  THE' I  SOUARED  LOC  REPRESENTS  TIC  CDCDttSS  OF  FIT  OF  THE  MODEL  TO  TNE  TRANSFORMED 
DATA  (LOC  FORM.  THE  R  SOUARED  ACTUAL.  OR  THE  OTHER  HAND.  IS  COMPUTED  OSIXC  TKT 
UKTRAXSFCSxED  RESIDUALS.  AND  IS  REPRESENlAllVE  Of  MOV  VEIL  THE  MODEL  FIIS  IK  UNIRANSfOSNEI 
DATA.  IKE  DURDIN-VATSON  STATTSTIC  IS  CALCULATO  FOR  ASSESSMENT  OF  AUTOCORRELATION 
OF  THE  RESIDUALS. 
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SCVEttl  on  levs  A"  AVilUfU  V1TM1K  THIS  FKCCAIl  AM  CM.  I:  SELECTED  Ct  APPROPRIATE 
ANSWERS  10  IKE  fCllUiKC  WESIIMS: 

1.  00  tCU  VAST  U  CHECK  DATA  AS  \\  IS  REAB  FROP.  HIE . MB  tCINERUB  10 

LOCARITKM’ 

US  •  (111  CA'JCE  THE  PRUTINC  Or  A  LISTINC  Of  THE  RATIONAL  IKFOT  til  A  AM  THE 
ASSOC  I  AT  CD  L0CARI1KMC  VALUES. 

KO  -  SUFFAESSES  THIS  OFTIOH. 

3.  COWIEIE  PRINTOUT? 

ICS  •  BILL  CAUSE  OUTPUT  TO  EE  PRIMED  IK  FULL  FORKAT  AS  KSCCIUO  ABOVE. 

10  •  BILL  DELETE  Tig  LIST  IKS  OF  OBSERVED.  PREEICIEO.  AHO  RESIDUAL  VALUES 
SETKcEN  TADICS  OF  SUWARI  STATISTICS.  IT  BILL  ALSO  DELETE  USTIKC  OF 
IBDIVIOUAL  KAIRICES  FOR  THE  SHORTRAME  PREDICTIVE  ACILITt  OFtlONIl.E.i 
OKLT  THE.SURWKT  TABLE  BILL  EE  LISTE1. 

3.  00  TOU  BART  A  COKfARISON  OF  I HE  SHORTRAKCE  PREDICTIVE  ASILITT  OF  THE  TWO  KODELS? 

TES  •  BILL  CAUSE  THE  PREDICTIVE  ACILITT  TEST  OFTIOH  TO  CE  ACTIVATED  AM  THE  USER  BILL 
CEtOLC:  UKTER  PREDICTIGK  RASCE  (CASE  KUKSERS  FOR  FIRST  ABB  LAST  CASES).* 

THE  USER  SHOULD  CKTER  TIC  KISER  OF  THE  FIRST  CASE  TO  EE  PREDICTED  FCLLOHEI 
It  THE  LAST  CASE  TO  EE  PREDICTED.  SEPARATES  ET  A  COTTA.  TIC  CASE  CJKERS 
.  ISST  EE  IKTECER  VALUES  CREATES  TKAH  OR  EQUAL  TO  3.  THE  PREDICTIVE 
ACILITT  TEST  SIMULATES  FUTURE  PREDICTIONS  ET  PERPORP.IKC  A  STEPWISE  TRUNCATION  OF 
THE  HISTORICAL  SATA.  FOR  THIS  REASOB,  AH  UPPER  LIP.1TAT10B  ON  THE  Bttr.SER  OF 
CASES  TRU8CATED  WOULD  EE:  ((TOTAL  RUCEER  OP  CASES  1H  DATA  PILE)  P  3)  -  3 
POR  EXAMPLE.  IF  (OUR  SATA  FILE  COKTAIKS  $1  CASES.  TOUR  OFFER  Llrt*  WOULD  EE 
33  CASES.  THIS.  OF  COURSE.  REPRESENTS  OKLT  THE  KAIIIUH!  KWEER  OF  CASES  THAT 
COULD  IE  TRUNCATE*.  IN  PRACTICE  TOU  RAT  BAHT  TO  TRUHCAIE  OKLT  A  SHALL  NUKEER  OF 
USES.  THUS.  IF  TOUR  SATA  IS  COLLECTEt  IH  ROKTHLT  IKTERVALS.  TOU  CAN  LOOK  AT 
THE  PREDICTIVE  ASILITT  OP  THE  FULL  AM  FEOUCEO  HOOaS  FOR  AH  IS  ROBTK  TIRE  SPAM  ET 
SPECIFTIKC  AH  II  CASE  RAXCE.  IF  TOUR  DATA  IS  COLLECTED  IK  WASTERS.  TOU  CM  LOOK 
AT  TIC  PREDICTIVE  AEIUTT  OP  EOTH  P.wEtS  FOR  AH  It  KOMTH  TIKE  SPA*  El  SPECIFTIKC 
4*.  AFTER  ALL  PREDICTIVE  ACILITT  TEST  SITUATIONS  ARE  PRINTED.  THE  FROCRAH 
PRINTS  A  SURKART  OF  THE  TEST  RESULTS. 

NO  -  SUPPRESSES  THIS  OPTION. 

4.  DO  TOU  BANT  PROJECTION  AND  SENS1TIV1TT  HATCH? 

IES  •  BILL  CAUSE  rCIKTIK  OP  PROJECTION  AHO  SfKSITIVITT  RATRII.  THIS  HATH  I  PRESENTS 
PROJECTED  BISECT  LADOR  CEOUIRE RENTS  FOR  SELECTED  PAIRS  OP  CUHULAUVE  PSOOUCIIM 
PUT  POINTS  AM  PRODUCTION  RATES.  THE  PROJECTION  INTERVAL  FOR  THE  CWULATIVE 
PRODUCTION  PLOT  POINT  IS  II  OP  THE  LAST  OCSERVED  VALUE.  TNf  PROJECTION  VALUES 
FOR  PRODUCTION  RATE  ARE  71.  t«.  Vf.  IM.  Ilf.  131.  13f.  1(1.  AM  ISP  PERCENT  IF 
TIC  LAST  OBSERVE!  VALUE  OP  PWBUCTIM  RATI. 

m  -SOPPRESSES  THIS  OPTION. 

I  "SPECIAL  BOTE"*  THE  PREIICTCt  DIRECT  LABOR  RtWlREUBTS  AM  RESIDUALS  TOR  SACK  NOSa 

ARE  SIORES  IH  SEPARATE  PILES.  IDE  VALDES  PCS  THE  STACOAM  LEARHIHC  CURVE  HOPCL  AM 

STORE!  «  A  PILE  CALltl  'STtLEARN*;  THE  VALUES  TOR  THE  PRODUCTION  RATE  VARIABLE  AIM 

MSEL  IN  THE  PILE  'RUMOURS'!  AM  THE  VALUES  POR  IRE  CCttIREI  CM.  PR0NCI1M  AM 

PW.'CTIOH  RATE  WPfL  I*  WP  rtVC  ’PUllKBOL'.  WtPS  WW  ACCESS  THESE  HIPS  POR 

RECliUAL  ANALISIS  ET  OTHER  COPPER  IP/ ACT  STATISTICAL  PROCRAKS.  IF  BESIREt. 


444444444444444444444444444444444444444444444 

rtttssii  correlatios  ccefficiekis  katp.ii 

«  t  •  II  •  12 
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liiiHHitmiiiii  i  M<<<IIMIMII<<  iHiMMiiimititMfiiiitmimimm 

RESULTS  OF  STAKBARB  LEASHIM  CURVE  R3HL 

I44I4IIUI44444444I444I4I44444<44I4I44I4444444I44444I4444444444444I44444444 

THE  ECUATION  FOR  THIS  110 CEL  IS:  tttT  «  E#  i  II  14  II 

IK  IOC  FOW  THIS  K0CEL  CECORES:  LOC(TKAT)  >  LOCIMI  4  (I  4  LOCCl) 

WERE:  LOCISJI  •  2.49572  STB  ERROR  *  I.I3I5S  ti  *  3I31.24W* 

It  -0.2S2U  STB  ERROR  <  t.nm 
SUMAC!  STATISTICS: 

R  SSCAREB  LOC  >1.99115  STO  ERROR  ESI  >  M1M 

USE  »  1.11127  RSR  »  I.U3M 

F  RATIO  »<2SS.<CIS  I.  F.  (K/C)  *  1/  31 

fi  SQUARES  ACTUAL*!. 9CSSI  LEARNIKC  FACTOR  >  M. 22445  FERCEXT 

BURIIK-UATSOH  STATISTIC*  1.327753 

4444444444444144444444444 4444 444 444441444 44411444 144444444444 #44 44444 444444 
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RESULTS  OF  RECESSION  OK  FRORCTIOI  RATE  VKIASLE  ALONE 
144444444444444444444444444444444444444444444444444444444444444444444444444 
THE  EWATIOK  FOR  THIS  NOEL  IS:  "  1RAT  «  I!  i  12  *4  12 
H  LOC  FORK  THIS  HOTEL  SEC9HES:  LOC  (THAT  I  •  LOC(N)  4  12  4  LOC  (12) 

WERE*  LOC  (ID  •  3.25379  STB  ERROR  •  I.23T57  I!  >  1713.0**1 
12  >-1.7*392  STB  ERROR  •  #.12175 
SUM  ART  STATISTICS: 

R  SQUARE!  LOC  >I.MRS*  STB  ERROR  ESI  *  I.I3W 

BSE  «  I.CMtt  RSR  «  1 .11790 

r  ratio  >m«.7nt  ».  r.  irfoi  •  w  31 

I  SCUASEB  ACTUAL*!. "3*7! 

BURSIA-UATSLC  STA-.3TIC*  1.277M5 

44444444444444444 44444444444444I4444444444444444I44444444I44444444444444444 


Mll<  1 1  <IMH<HH<H<  HH<<HHIM<IH<  K<<HHH<HHII  I  III  IIH<<IIM<IK 
RESULTS  Of  CONS ICED  CUSULA1IVE  PfiCPUCTlOH  AND  PRODUCTION  RAtE  ROOEL 
III  IM<  I  IMMMMHiMMIMM  H<IKIHH<I<  1 1  IIII<MII<<  IMIHII<M<<M  HM 
THE  council  FOR  THIS  H30EI  IS:  THAI  <  it  <  II  •<  St  <  IE  <<CZ 

IK  IOC  FCR.1  THIS  ROOEL  CECORES:  LOCUKAT)  <  LOCtCIt  <  Rt  <  lOC(Ii)  <  11  <  LOCCZI 

WHERE:  LOCISil  >  3.7531  STO  ERROR  <  (.(fill  Bf  *  5472.C1SLJ 

El  « *1.57357  STO  ERROR  <  0.CJ134  Ft  >ff£3E.ZIIt 

EE  >  I.SUU  STO  ERROR  >  7.fe35i  Ft  =51307.7417 

SUSKART  STATISTICS: 

R  SOUARED  IOC  >(.77777  STS  ERROR  ES7  >  Mill 

KSE  «  (.7(7(1  HSR  >  1.57715 

F  RATIO  «77S8.2CIE  1.  f.  02/81  «  V  37 

R  SOUARED  ACTUAL’I.MJM 
OURRIK-VATSOK  STATISTIC’  Z.3W3Z1 

tttttttttttt  ItMtttttttttttttttttMtttll  tttttttttttttttttttttttttttttttMtl 


HIM  lilt  HI  HHHtlHItHHHIHHtlHMIHHMIttt  M<MIHH<H<I 

»  SURKART  OF  PREDICTIVE  AEILITT  TESTS  RESULTS  » 

IHHIIIHHItlKIMMHIHMHMMMMHIHIIIHttMMHKMHHM 

I  ITERS  OF  IKTEREST  t  REDUCED  RODa  t  FULL  ROOEL  I 

IIIIMM I  ttttMIIIIIMI  lit  <MH<<I<<I<  III  MtllMMtltMIMMMKMt 

«  AVCRACC  AISOLUTE  0EVIAT10R  t  3.17  t  O.U  t 

I  VARIANCE  OF  ASSOLUTE  DEVIATIONS  «  U.U  t  Ml  f 

<  TEST  STATISTIC  (SEE  NOTE)  «...  «  13.50  I 

<  TOTAL  NIPCER  OF  TEST  SITUATIONS  t  177  «  177  « 

<  NUKEER  OF  PREDICTIONS  WITHIN  SI  t  130  <  177  < 

t  PERCENT  OF  PREDICTIONS  WITHIN  ST  t  75.  «  III.  I 

t  NUiltER  OF  PREDICTIONS  WITHIN  III  I  177  «  177  « 

I  PERCENT  OF  PREDICTIONS  WITHIN  in*  IN.  «  IN.  » 

MHMHIMHMKKHHItHtttHHfMHMHHHtHHHMHHMHHt 

ROTE:  IK  TEST  INC  FOR  STATISTICAL  SICNIFICAWE  USE  STUDENT’S  T  DISTRIBUTION 
IF  IKE  KURSER  OF  TEST  SITUATIONS  ARE  LESS  THAN  4DI  OTHERWISE  USE  S1AN0AID 
KORRAL  DISTRIBUTION.  IN  EITHER  CASE  THIS  IS  A  OHE  TAILED  TEST.  IF 
THE  TEST  STATISTIC  IS  CREATED  THAN  THE  CRITICAL  STATISTIC  ON  RAT 
CONCLUDE  THAT  THE  AVERACE  ABSOLUTE  BEVIATtCN  OBTAINED  HIM  THE  FULL 
KODEl  IS  SICNI'ICANTLT  LESS  THAN  THAT  OtTAINtD  WITH  THE  REDUCED  KKL. 
FILES  LOCFIlE’SIOLCARK.RtDHOURSiAKD  FULLHML  KRITTEH. 


tltllHHtlltl4.IHIIIIIIIIM44IM44lft4t4MMIItMMMI4M4HIIM.Wltl 

iKfa:  cits  «  ksc  rro*  rtu  TESiuta ;« cckcrtes  to  locisn^.s 
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11X1  f.KCI  UtOS  KKSS  4  CUR  PSOB  PLOT  PO’.lit  ♦  PSCPUC1  fOK  Pitt 
KWElR  RAtJOWl  LOKSItHB  4  RJTIOIKi  LCURlttiT  4  RAtlBUL  ICOfRUKR 


III 

H82.lt 

3.(344781  i 

57. (( 

l.itt?7H  i 

2.27 

(.354(251 

III 

tl3.il 

2.17(7155  » 

175.(1 

2.2(31331  < 

3.C5 

(.5854417 

III 

4(1.11 

2.8748583  < 

313.M 

2.(1551(3  t 

4.(5 

0.4(23401 

131 

541. fl 

2.7(81887  l 

8S4.CS 

2.457(551  t 

4.14 

0.4137241 

HI 

(I3.il 

2.4128(41  < 

424. ii 

2.71457(3  t 

5.33 

0.7247272 

ISI 

(42.11 

2.44(4(21  i 

715.11 

2.1713471  « 

5.85 

1. 7471551 

Ul 

(37.11 

2.4(1(814  t 

1(75.18 

3.oenut  < 

4.(7 

1.81(1(43 

171 

(M.H 

2.41438(4  i 

12(4.11 

3.1813*73  < 

4.71 

(.8247225 

lei 

348.11 

2.5458(78  t 

1415.(1 

3.17(4(12  « 

7.10 

1.2(5(121 

in 

3(7.11 

2.5(13215  • 

1775.81 

3.2(11183  t 

7.37 

0.8474475 

211 

331.11 

2.5185131  t 

2(12.11 

3.3215417  4 

7.7? 

0.811S37S 

in 

371.11 

2.5351587  1 

2421.(7 

3.38311(8  4 

8.33 

(.1204(50 

171 

317.11 

2.5(1(513  t 

2741.11 

3.4(23221  « 

1.1? 

0.158543? 

731 

313.11 

2.(155(43  t 

3174.18 

3.5(18415  ( 

1.84 

0. 113874? 

2(1 

311.11 

2.(811585  t 

3557.11 

3.551(431  4 

11.51 

1.0214827 

751 

3?4.CI 

2.(828734  t 

3174.11 

3.511(444  » 

11.17 

1.0(20532 

7H‘ 

218.11 

2.(7(2143  t 

(452.(8 

3.4(45552  1 

11.81 

1.0712S20 

771 

Z1f.ll 

2.(423181  « 

(144. !( 

3.4153310  4 

12.37 

1.1123417 

711 

284.11 

2.(533183  • 

5(58.11 

3.737(335  « 

12.87 

1.1015785 

711 

778.11 

2. (4(1(48  « 

5151.81 

3.7751734  « 

13.38 

1.124(541 

311 

271.11 

2.4313438  « 

4(41. II 

3.81(2117  ♦ 

13.45 

1.1351327 

311 

243.11 

2.(111557  • 

4172.11 

3.8(33574  « 

13.?8 

1.1(55172 

321 

254.11 

2.(282417  ♦ 

7(11. « 

3.4745318  ♦ 

M.23 

1.13321(1 

331 

751.11 

2.3171(01  « 

siei.ii 

3.187(114  « 

K.45 

1.1452374 

3(1 

2(5.11 

2.3811441  » 

8457.17 

3.137(141  « 

14.18 

1.1755118 

351 

231.11 

2.3783171  I 

12(8.11 

3.144(478  * 

15.21 

1.12((07S 

341 

235.11 

2.3711471  # 

1S48.M 

3.1133(88  4 

15.45 

1.11(51(3 

371 

237.11 

2.345(881  t 

11451.88 

(.1111143  * 

14.84 

l.2(52t(( 

381 

228.11 

2.3571348  1 

11731.18 

4.1(24141  « 

14.35 

1.2135178 

311 

224. H 

2.35(2(81  * 

11424.80 

(.845(383  4 

14.44 

1.2214758 

(II 

221.11 

2.31(3123  « 

12227.00 

(.887311?  ♦ 

14.17 

I. 2214818 

411 

218.11 

2.338(545  < 

12838.01 

(.118(178  « 

17.27 

1.2372123 

421 

214.11 

2.334(537  * 

133(1. H 

(.125(487  * 

17.54 

1.24(52(5 

431 

214.11 

2.338C.38  < 

138(1.00 

(.1(1(184  « 

17.81 

1.2504431 

4(1 

2U.M 

2.32(2824  » 

1(337.11 

(.154(583  < 

t8.ll 

1.2555137 

451 

211.11 

2.32(1(43  « 

1(844.00 

(.17211(1  4 

18.22 

1.2405(8( 

441 

m.u 

2.3138472  * 

15(54.01 

(.1811(3?  4 

18.(1 

1.2453538 

471 

213.11 

2.387(147  * 

140(8.11 

(.215(20?  4 

18.58 

1.2418(57 

4SI 

ZW.lf 

2.38143(7  » 

14454.10 

(.2215184  4 

18.78 

1.2734154 

411 

118.11 

2.2144452  « 

17172.00 

(.23(8208  4 

18.14 

1.27738M 

>44444444444444444444144444444444444444444444444444144444 
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rcwsw  contcunon  ccoriciprrs  iutrii 

444444444444444444444444444444444444444444144 

<1  4  It  4  « 

444444444444444444444444444444444444444444444 
T  4  I.I1NM  4  -I. 11557 II  4  -1.1811(32 
444444444444444444444444441444444444444444444 
II  4  -1.1155711  4  l.KfffM  4  1.1114441 
444444444444444444444444444444444444444444444 


n  4  -i.niiui  4  i.muu  4  1.  until 
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results  o?  Th£  st«w:  ttisiiis:  curve  oei 

itllttllilllllllttlllllltllllllltlllllllllHIItltMtlllttllttllttllllimil 


CASE 

OESERVEC 

FRECICTED 

RES!  DM. 

1  CSV1ATI0H 

1 

tics.*# 

1834.45 

51.55 

4.74 

2 

833.88 

727.41 

75.50 

0.42 

1 

441.88 

417.10 

23.81 

3.71 

( 

543.88 

555.41 

4.30 

(.78 

5 

(03.88 

587.30 

-14.30 

-2.02 

4 

(42.(8 

474.25 

•12.25 

-2.45 

7 

(37.18 

443.ES 

-4.85 

•1.57 

1 

(8(.(8 

(21.54 

•17.54 

•4.35 

0 

348.88 

304.72  . 

-28.72 

•7.81 

11 

3(7.88 

377.03 

-38.03 

-8.01 

11 

338.(8 

346.78 

•38.78 

-0.33 

12 

328.(8 

3(4.10 

-24.10 

-8.10 

13 

317.88 

333.38 

-14.31 

-5.14 

!( 

313.88 

328.43 

-7.43 

•2.(( 

IS 

380.(8 

313.52 

-1.52 

-1.40 

U 

3K.Sf 

338.01 

3.18 

1. 12 

•17 

208.88 

201. (( 

4.54 

2.28 

■18 

208.81 

282.41 

7.30 

2.55 

10 

2C(.I8 

275.13 

8.87 

3.12 

21 

278.81 

248.30 

0.41 

3.(4 

21 

273.81 

242.32 

7.48 

2.84 

22 

.  243.(8 

254.74 

4.24 

2.38 

23 

254.88 

251.58 

4.42 

1.73 

2< 

258.83 

2(4.24 

3.74 

1.58 

25 

2(5.81 

2(1.54 

3.44 

1.(1 

24 

230.88 

237.84 

1.04 

(.82 

27 

235.88 

232.84 

2.14 

8.01 

28 

232.81 

228.00 

3.81 

1.38 

20 

228.88 

225.52 

2.48 

1.10 

31 

224.81 

222.10 

1.81 

1.81 

;t 

221.88 

210.85 

1.05 

(.88 

32 

218.fl 

214.85 

1.05 

8.80 

33 

214.18 

213.48 

2.32 

1.17 

34 

214.88 

211.(7 

2.53 

l.lt 

75 

211.11 

280.(1 

1.50 

1.75 

34 

280.31 

287.20 

1.72 

i.n 

37 

284.11 

215.12 

f.OI 

1.(8 

38 

283.81 

232.85 

1.15 

1.(8 

30 

288.(1 

218.73 

-8.73 

•8.37 

48 

10S.fi 

100.11 

•Ml 

•1.51 

THE  EQUATION  FOR  THIS  HOTEL  IS: 

THAT  * 

II  «  II  «  8 

.11  IOC  FORK  THIS  HOTEL  SECURES: 

lOCtTHAT)  > 

10SISI)  *  IT 

MERE:  IOC  188)  • 

3.(0572  STB  ERROR  <  (.13(55  18  • 

tl  *>(.28242  STB  ERROR  •  0.(1433 

10CIU) 
3131.24BS4 


SWOIART  STATISTICS: 

R  MUSKS  UK  *1.00115 
KSt  *  l.lillT 

r  RATIO  *4255.(815 

r  squared  Atm.»t.nm 


STB  ESWR  EST  >  I.RIM 
HSR  •  t. 1(301 

I.  F.  I*/H  *  IT  31 
LEARS) KC  FACTOR  >  82.28045  ftSCEIT 
MRJIA'-VATSM  STATISTIC*  1.317753 

iitiHimiimMiiMiiiimiH'HiitidiiiMimHiiiiiimmmiiimHi 
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Iltltff  HiMMIIMMfftMff  I  tfltltl  ItttlJltHtttfMilfiltlllltltlllf  114111$ 

results  cr  Rccrcssics  ov  r;::uc;icK  mi  v^urwE  alcm 

iiimmiiMimMHm#**iimnm*»Mmmmn*n«timmmmm«i 


CASE 

OfSERVtO 

FRECICTtJ 

RES  13% 

I  DEVIATION 

I 

USS.ff 

774.81 

113.14 

If. If 

2 

C33.tr 

458. fl 

144.74 

18.75 

3 

Ml.  fl 

37f .83 

Si. 17 

7.83 

A 

34f.fi 

344.13 

' 13.33 

2.38 

S 

4T3.fi 

314.41 

-23.41 

-4.77 

i 

<42. If 

<82.fl 

•2(.fl 

-4.34 

7 

437.fi 

<47.24 

-If. 24 

-2.34 

S 

4S4.fi 

435.28 

-31.28 

*7.74 

7 

34S.fi 

<21.81 

-53.81 

-14.42 

If 

347.fi 

<rs.y< 

-38.74 

-14.77 

11 

33f.ff 

387.54 

-57.54 

•18.14 

12 

321  .H 

371.41 

•31.41 

-15.81 

13 

317. ff 

347.27 

-31.27 

-7.54 

!< 

313. ff 

324.71 

*13.7f 

-4.44 

13 

3fT.tf 

311.74 

-2.74 

-f  .87 

IS 

3f4.fi 

277.73 

'  A.i7 

Z.fi 

17 

2TC.fi 

284.12 

11.78 

4.«2 

•It 

2TI.fi 

274.13 

13.83 

4.77 

IT 

ZS4.fi 

248.13 

15.87 

5.37 

2f 

27S.1I 

241.47 

17.31 

4.31 

21 

27f.fi 

234.43 

13.33 

4.75 

22 

243. ff 

232.13 

If. 87 

4.13 

23 

234. ff 

248.82 

7.18 

2.81 

24 

ZSC.ff 

243.31 

A.Sf 

2.  SI 

25 

Z4S.fi 

237.31 

S.Sf 

2.25 

24 

23T.fi 

235.87 

3.13 

1.31 

27 

233. ff 

231.83 

3.17 

1.33 

28 

232.fi 

227.42 

4.38 

1.87 

2T 

228. ff 

224.41 

3.4f 

T.St 

31 

224. ff 

221.27 

2.71 

1.21 

31 

221. ff 

211.27 

2.73 

1.23 

32 

218.11 

215.45 

2.55 

1.17 

33 

214. If 

212.77 

3.21 

1.48 

34 

214. ff 

211.37 

3.43 

1.41 

33 

211.11 

218.13 

2.17 

1.13 

3A 

217. M 

217.13 

1.77 

1.74 

37 

2I4.H 

213.44 

f.Si 

1.27 

3t 

213.11 

214.14 

-1.14 

-1.51 

3T 

2ff.M 

212.42 

-2.42 

-1.21 

(f 

ITS.fi 

211.13 

•3.15 

•1.37 

THE  EOUATIOR  FOR  THIS  IfflBEl  1$:  *  WAT  *  Rf  «  12  «  R 
I*  IOC  FORB  THIS  IWOEl  KCOKi:  LOCI  THAT  I  .  LOCIBfl  ♦  tt  <  LOCI  III 
SHEW:  LOS (81)  *  3.23377  STS  ERROR  •  I.237S7  81  *  1773.14771 

R  d. 7(372  STS  ERROR  >  I .12175 

SORKART  STATISTICS! 

R  SQUARES  IOC  *1.74854  STB  ERROR  EST  *  MRS 

RSE  •  MH74  ISA  .«  I.II7W 

r  RATIO  *1147.7758  8.  F.  IR701  •  It  » 

R  SOOAREB  ACTUAL *1.75477 
DURtIK'UATSON  STATISTIC*  f. 277285 


resv.ts  cr  ccr.-;«:  ceauTivt  frccjeuw  as:-  rc:rj:n«  rate 


ASE 

CSURVtB 

rREl'.CTE# 

RES1KAL 

1  DEVIATION 

I 

IfSS.fl 

less. 13 

-1.13 

2 

C02.S3 

t(3.13 

-(.15 

-(.(2 

3 

441.(0 

4*4.73 

(.27 

0.14 

4 

541 .11 

$44.(1 

-(.41 

5 

(fs.ei 

<92.47 

1.33 

4 

(42. ft 

(41.92 

(.48 

7 

(37.18 

<37.  K 

-4. II 

*1*12 

0 

(?:  ec 

(((.12 

-4.12 

•M3 

t 

34S.8I 

34S.24 

-4.24 

II 

3(7.44 

3(7. « 

-M< 

*l.tl 

II 

334.44 

329.51 

4.(1 

12 

322.11 

311.51 

f.U 

1.13 

13 

317.44 

317.51 

•f.SI 

t< 

313.(4 

313.28 

-1.28 

IS 

3 81.44 

.  3(8.17 

4.43 

4.(1 

14 

32(.64 

344.32 

-(.32 

17 

r?e.» 

217.81 

(.1! 

It 

2?*.ei 

29(.(3 

-MS 

If 

2S(.44 

,  283.73 

I.2S 

0.11 

21 

270.(4 

278.21 

-6.21 

21 

271.(1 

249.54 

(.(( 

(.14 

22 

243.(4 

242.81 

4.21 

f 

23 

254.41 

255.53 

4.(7 

21 

251.44 

251.21 

-0.21 

25 

2(5.44 

2U.84 

(.14 

4.(7 

24 

231.04 

239.34 

-(.34 

*4.14 

27 

235.44 

23S.I7 

-4.(7 

-4.13 

2S 

232.00 

231.43 

(.37 

(.14 

2f 

22s.ee 

227.91 

(.11 

31 

224.SB 

228.38 

-4.38 

-4.17 

31 

221.(4 

221.13 

-4.13 

-1.(4 

32 

213.(0 

217.17 

4.43 

33 

214.04 

213.15 

(.05 

0.42 

34 

2M.SS 

213.78 

1.22 

35 

211.41 

211.38 

-1.38 

-0.18 

34 

249.80 

2(8.88 

(.12 

4.(4 

37 

284.(4 

2(5.88 

1.12 

1.(4 

38 

243.44 

2(2.85 

(.15 

0.(7 

3f 

201.41 

2(1.24 

-0.20 

•4.10 

4* 

198.44 

117.17 

0.43 

0.(1 

*l***lllll4lllHIHH*4tH4HM4«4HII*444lt<*l4H4HIIHi*444*«*4IIIH4f4< 


IIS  EOUAIIOK  f OR  THIS  MOEL  is: 


THAT  *  El  «  II  44  tl  4  22  «l|2 


IN  IOC  TORN  THU  nODCL  EECOHES:  EOCITHATl  <  ICCttl)  4  It  4  lOCUtl  4  K  «-  ISC (12) 


WERE:  LCCIEJI  «  3.75381 
tt  4-I.5W7 
E7  *  (.84414 
SWRASl  STATISTICS: 

X  SQUARES  IOC  >I.«W 
USE  *  M04II 

f  RATIO  *71CS.28l2 

X  SQUARED  ACTWU.M.MHI 
DURSIR-VATSCN  STATISTIC*  2.3N32I 


STS  ERROR  •  Mllli 
STS  ERROR  >  Mem 
STB  ERROR  >  1.11354 

STB  ERROR  EST  > 
HSR 

t.  F.  IN/BI 


II  >  $472  .SUM 
F4  *11532.211$ 
f4  *54304.9414 

4.0004 
1.57715 
2/  37 


44444444444444*444444444444444444444444444444444444444144444444444444444444 
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IIHMHHHHHHMHMHMHHHHHHMMHHHHHMMMHtMMHHHmMMHHHHHHMHMHMHHHHMHM 


•  SKORIRARCt  PREDICTIVE  AtlL’.H  CCRFAF.ltas  ..  ..  < 

I  THE  OATA  FECSEKTED  tclR)  IS  FOR  CASE  t  (£  KICK  HAS  AS  DESERVES  VALUE  CF:  HE. 82  ♦ 


MIMI  MMMMMMMMMM<IIMI<<MIM  II 1 1  imillil  Mill  MM<<<MMM<MMMM  I  II  MM  Ml  M<<<MM<MM<MMIIM<I<  I 

I  t  •  REDUCED  ILEAShIKC  CURVE!  KODEL  »«  FUIL  (ClttULAIUt  FMauCIlOK  t  FRGDvJCtiOX  RAltl  K01EL  ♦ 

*  CASES  iimmimiiiiiimmiimiiMiiiiiiiiiiiimiiiiiiimiKiimiiiiiimiiimiiiiMiiiiiiiimiHiiimi 

•  USED  »  PREDICTION  <  I  DEVIATION  i  EST  Cl  «  EST  11  »«  PREDICTION  i  1  DEVIATION  4  ESI  M  »  EiT  11  «  ESI  12  • 

IMMMMI<MMMMIM<M<I  I MIMM  MI<I<<IIII  MIMM<<I<MMMM  MM  141 II II M IIIIII4I II  Mt  II MIIIM IMMIMMIIIIII 


31 

1 

1  11.84 

1 

*8.53 

4 

3121.81  <-8.28252  <» 

117.17 

4 

C.8Z 

1 

5473.27  «-£. 51141  «  8.8(784  I 

38 

« 

119.48 

4 

-f  .54 

1 

3127.28  1-8.28214  « 

117.18 

4 

1.81 

4 

5471.21  <-8.511(7  4  8.C4473  i 

37 

< 

111.18 

4 

*8.54 

1 

3127.32  <<1.21244  <4 

117.17 

4 

8.11 

4 

5471.58  <-8.51147  l  8.C4441  < 

34 

1 

111.85 

4 

*8.53 

f 

3121.31  i-8 .28251  «« 

117.17 

4 

8.82 

4 

5471.34  <-1.51141  4  8.14441  < 

35 

f 

m.t< 

4 

-8.17 

* 

3133.12  <*8.28273  « 

117.14 

4 

(.82 

4 

5471.37  <-8.51131  *  8.E4437  i 

34 

« 

118.13 

4 

•8.12 

4 

3137.51  4-I.2S212  « 

117.18 

4 

(.11 

4 

5471.81  4-8.51145  <  8.R4441  4 

33 

I 

I18.il 

4 

*1.32 

4 

3111.31  4-8.28321  << 

117.17 

4 

8.82 

4 

5471.22  *-8.51141  4  8.14458  4 

32 

« 

118.15 

4 

*8.22 

4 

3151.13  4-8.28257  <4 

117.14 

4 

8.82 

4 

5471.83  <-0.51137  l  1.1(431  < 

3t 

1 

118.2S 

1 

-8.13 

4 

3158.21  4-8.28381  44 

117.14 

« 

8.82 

4 

5471.17  4-1.51137  4  1.1(437  4 

3D 

4 

198.81 

« 

•8.82 

4 

3 US. 74  4-8.28121  44 

117.17 

4 

(.82 

4 

5470.14  4-8.51131  4  8. 8(4(3  4 

21 

4 

117.81 

! 

8.81 

3173.44  4-8.28(42  14 

118.81 

4 

•8.88 

4 

5441.11  4-8.511(3  (  8.1(471  ■ 

28 

4 

117.51 

4 

8.25 

4 

3181.11  4-1.28513  44 

118.84 

4 

8.88 

4 

5478.85  (-8.511(1  4  8.1(44(  4 

<M<IM<MMM< MMM<IM<M<M<MM<<<<<<  <IMIMM<M<< MM<MMM<<M< MM IIMI<<<MM<<<MM< I MII<M<MM<MM  II 


<<<<I<<II<<IHI<<IMI<<I<I<<II<<II<<<<<K<II<<II<K<I<IIIII<II<I<<<I1<IK<<<<<H<<I<K<I<<<<<<<I<KKII<I<I<<<I<<<<< 

*  .  SKORTRAKCE  PREDICTIVE  ABIUTT  C0HFAR1S0S  • 

"I  THE  DATA  PRESENTED  EELW  IS  FOR  CASE  I  31  WHICH  HAS  AS  DESERVED  VALUE  OF:  2M.80  I 

IIH<MIKHKHM<M<<<KKK<KK<KIKHMKM<K<KM<<K<MKKIHK<<<K<<KKKHHKKK<<K<K<<KK<<<KH 

1  8  4  REDUCED  (LEASHING  CURVE)  KODEL  M  FULL  IC5TOUTIVE  FR3DUCT10S  t  PRODUCTION  RATE)  KODEL  > 

4  CASES  IMMMMMMMMMMMM<MM<MMKMMM<MMM<HMMMMM<M<MMMH<M<MMMMMMMMMMIM<M<H 

*  USED  4  PREDICTION  4  I  DEVIATION  4  EST  ED  4  EST  tl  »4  PREDICTION  4  I  DEVIATION  4  ESI  CD  4  EST  11  l  EST  SE  « 

44MMMM«M«M««MMIMM4<MM«MMMM«M««MIMM«MMMMMMI«M»MMM1MM«MKMIM«IMMMM. 


■'  ' 

1 

38 

i 

288.13  4. 

-8.42 

1 

3127.28  4-1.28244  4< 

218.21 

1 

•8.18 

4 

5471.21  4-8.51147  l  1.64473  4 

i 

1 

37 

* 

288.83  4 

-1.42 

« 

3127.32  4-1.28244  44 

288.28 

1 

•8.11 

4 

5371.58  4-8.51147  4  1,64441  4 

* 

34 

i 

288.71  < 

-8.31 

« 

3121.31  4-1.28254  44 

288. tf 

4 

•8.18 

4 

5471.34  4-8.51141  4  1.84441  4 

1 

35 

< 

218.47  * 

•1.33 

1 

3133.42  4-8.28273  4t 

288.11 

4 

-8.D1 

» 

5471.37  4-8.57138  4  1.84437  4 

* 

31 

8 

211.54  4 

•1.21 

« 

3137.51  4-8.28212  m 

288.21 

4 

•8.18 

4 

5471.81  4-8.51145  4  8.84441  4 

‘ 

1 

33 

1 

211.37  4 

-8.11 

4 

3144.31  4-8.28324  m 

288.11 

4 

-8.18 

5471.22  4-8.51141  4  1.84451  4 

1 

32 

< 

2W.lt  4 

•l.ll 

4 

3151.43  4-1.28357  44 

288.11 

4 

-8.81 

4 

5471.83  4-8.51137  4  1.14431  4. 

1 

31 

• 

111.11  4 

8.(1 

4 

3158.24  4-1.28381  h 

288.11 

4 

-8.81 

4 

5471.17  4-8.51137  4  8.84437  4 

•  f 

1 

31 

< 

m.77  4 

(.11 

4 

3145.74  4-8.28424  M 

288.28 

4 

•8.18 

• 

5471.84  4-1.51138  4  1.84443  4 

1 

1 

Zt 

• 

m.55  4 

(.23 

4 

3173.44  4-1.2(442  44 

288.23 

4 

-8.11 

1 

5441.11  4.1.51143  4  1.14471  4 

1  4 

1 

n 

1 

m.n  4 

8.38 

4 

3184.44  f-1.28513  f4 

288.22 

4 

-8.11 

4 

5478.85  4-1.51141  4  1.14444  4 

-  I  f 

i  1 

4 

n 

1 

118.13  4 

8.51 

4 

3111.11  4-1.28571  4i 

288.11 

4 

-8.81 

4 

5478.15  4-8.51131  4  1.84411  4 

4HM4444I4M4IMMMMIM<I4MMMM4<MI<<HMM44<MMMMMMIM4I4M4IM4IMM<MMM44HIIMIMIM<MIM4MMI 


imMmHiHHHiimimmmimimimiiiiHmiimmiiiimMiiiiiiiHiHmiimHMiimmmmmmi 

•  SHORIRAKCE  FRFHC1IVE  AEILITT  COSFAEISOU  • 

I  IKE  CATA  FR-SESIED  I  ELM  IS  FOS  CASE  I  SC  WRICK  KAS  SB  DESERVED  VALUE  CF:  EEE.ee  i 

imimiMiiHiiiHimiiiiiimimiHiHmiiiiiHiiHimiiiiimHHiiHimiMHmHiiHimiiiMiiHiiiMiH 

«  i  <  cai'CEP  (cekkib:  ccrvei  mecl  <<  full  <cwjlum  rK?j:;icu  t  fscoaiir.  cafe/  kul  * 

*  CASES 

4  USED  «  FRECICT10K  4  I  tEVIAIiGK  4  ESI  Cl  i  EST  Cl  ♦»  FREDiCIiGK  ♦  X  DEVIATION  •  ESI  81  »  ESI  C1  ♦  ESI  EE  * 


37 

1 

262.94 

4 

6.63 

4 

3127.32  4-C. 22244  it 

262.85 

1 

6.67 

4 

5471.58  4-6.59947  4  6.84449  i 

31 

1 

262. C9 

1 

6.65 

1 

3129.39  4-6.28251  h 

262.84 

4 

6.68 

1 

5471.34  4-6.59941  4  6.84449  i 

35 

« 

261. 7C 

1 

6.11 

1 

3133.42  4-6.2C273  « 

262.83 

1 

6.68 

1 

5471.37  4-6.59938  •  6.84437  4 

3< 

1 

262.17 

1 

1.14 

« 

3137. SI  4-6.2C292  44 

262.84 

4 

6.67 

4 

5471.61  4-6.59945  •  6.84449  i 

33 

1 

2e2.49 

ft 

6.2S 

< 

3144.39  4-6.28324  « 

262.84 

4 

6.08 

4 

5471.22  1-6.59941  4  6.84456  i 

«  — 

32 

1 

262.29 

6.35 

« 

3151.43  4*6.28*57  u 

•  262.84 

4 

1.68 

4 

5471.63  4-6.59937  4  6.84439  4 

31 

1 

262.11 

ft 

6.44 

1 

3158.24  4-6.28289  il 

262.84 

4 

1.68 

1 

5471.17  4-6.59937  t  6.84437  4 

3! 

1 

261.89 

« 

6.55 

« 

3185.74  1-6.28424  i) 

262.85 

4 

8.68 

1 

5476.84  4-6.59938  4  6.84443  < 

21 

« 

261.  a 

1 

l.U 

« 

3173.44  4-6.28442  *4 

262.88 

4 

8.84 

1 

5449.98  *-6.59943  4  6.84471  4 

28 

* 

261.35 

.* 

6.81 

1 

3184.44  4-6.28513  44 

262.87 

4 

8.04 

4 

5476.65  4-6.59941  4  6.84444  4 

27 

« 

260.94 

1.01 

1 

3188.16  4-6.28578  <4 

262.84 

4 

6.68 

f 

5470.15  4-6.59931  4  6.84419  4 

21 

« 

266.57 

ft 

1.20 

4 

32! 5.44  1-6.28428  H 

262.85 

1 

l.li 

1 

5449.88  4-6.59926  4  6.84423  i 

444444444441441444444444444)4144 44144 1444444444444444411144444444144414441114414444441144141444444444441444441144444 


.1  ■  SHORIRAWE  FREBICTiVE  ACIUTI  COiffARISOS  • 

l  IKE  DAI A  FSESEKTED  8ELW  IS  FOR  CASE  t  31  VKICH  KAS  AS  DESERVED  VALUE  OF:  261.18  « 

»«4HH44H44I4I444444H4444I4444  444  444*44444444»444444444444  4444444444*44444444444  44  44  4444444  44444  44  4  4444I4  4444  44|4 

»  l  4  REDUCED  (LEARS  liiC  CURVE)  I10DEL  44  FULL  (CUMULATIVE  PRCDUCIIOS  t  FRODUCTIOS  RATE)  XODEL  4 

4  CASES  444441441444444444444444444444444444441144444444444444441444444444444444444444444444414444444444414444141144 

4  USED  4  fREDICTICS  4  X  DEVIATION  4  ESI  Cl  4  ESI  Ct  44  FREDJCTIOS  i  I  DEVIATIOI!  4  ESI  81  4  EST  81  i  ESI  82  4 

44444444444444444444444441444444444 44444444444444444444441444444444444444444444444444444 444444444444444444444444411 4 


34 

1 

265.64 

1 

6.45 

« 

3129.39  4-6.28254  U 

265.87 

ft 

6.14 

1 

5471.34  1-6.59941  4  6.84449  t 

35 

< 

264.94 

ft 

6.51 

ft 

3133.42  1-6.28273  U 

265.84 

ft 

6.67 

1 

5471.37  4-6.59938  4  2.84437  4 

34 

• 

264.85 

ft 

6.54 

« 

2137.51  4-S.2SE92  H 

265.89 

4 

1.15 

ft 

5471.61  4-6.59945  4  6.8U49  4 

33 

« 

264.44 

( 

6.45 

ft 

3144.39  4-6.28324  44 

215.87 

ft 

1.14 

ft 

5471.22  4-6.59941  4  6.84456  4 

32 

« 

264.47 

4 

6.74 

4 

3151.43  1-6.28357  « 

215.87 

ft 

6.64 

4 

5471.63  4-6.59937  i  6.84439  i 

31 

ft 

264.28 

4 

6.84 

ft 

3158.24  4-6.28369  if 

265.87 

ft 

6.14 

ft 

5471.17  f-6.59937  i  6.84437  4 

31 

ft 

264.67 

ft 

1.94 

ft 

3145.74  4-1.28424  •• 

'  265.88 

ft 

6.64 

• 

5476.84  1-6.59938  i  6.84443  i 

29 

ft 

263.64 

ft 

1.65 

4 

3173.44  4-6.28442  H 

265.91 

ft 

1.14 

ft 

5449.98  1-6.59943  4  6.84471  4 

28 

ft 

263.53 

ft 

1.26 

ft 

3184.44  i-f.28513  H 

265.96 

4 

6.65 

4 

5476.65  1-6.59941  <  6.84444  4 

27 

ft 

263.12 

ft 

1.46 

ft 

3198.16  4-6.28578  n 

215.87 

ft 

6.64 

« 

5471.15  4-1.59936  4  1.84419  4 

24 

ft 

262.75 

ft 

1.58 

ft 

3216.44  <-6.28436  44 

265.81 

ft 

6.64 

1 

5449.98  4-6.59936  i  6.14423  • 

25 

ft 

262.33 

4 

1.78 

ft 

3224.26  4-6.28712  o 

265.91 

ft 

6.64 

1 

5449.57  4-1.59941  •  1.84443  • 

44444444444444444444444444444444444 444444444414444444444444444444444444444444444444144444 4444444444 44444444444444444 
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•HHHI I  HHHHHHHHHIH<IIHH<H<H  Will  III  I  HIHIII<IHHHII<HHIHH<  II  iiiiiihiiiwhhiihhiwiihiii 

I  SK'TRRV:-  PREDICTIVE  Atlim  COMPARISON  l 

♦  IK  BATS  PRESENTED  SELOU  IS  FOR  CASE  f  H  WHICH  KSS  Alt  OBSERVED  VALUE  OF:  '209.(1  « 

1 1 II Mil  I<M<M<<IIM  I  <H<I<H<M<H<HM  <<<H<I<<M<  <»<< II<<KMI<I<  II<II<I<H<I  1 1 II II  <<<<<H<HI<<III  HIII<<<<<H 

<  I  <  REDUCED  tit  ARK  IRC  CURVE)  KOCEl  «  FULL  1CUK&AIIVE  PRCOVSUOK  t  PRODUCTION  SATE)  MODEL  < 

<  CASES  *  HHIH<IM<<M<HHM  IH  HHMH  HI  I  HHMM<<IH<<M  II  HI<HHMHH<<IIHHHHHMIHHIHIIIHHHMH 

«  USED  i  PREDICTION  <  I  DEVIATION  <  ESI  ED  <  ESI  EJ  h  PREDICTION  •  1  DEVIATION  <  ESI  E«  <  ESI  El  <  ESI  BE  < 

IH<<<<<<<<<<<<<H  H<<<<H<<I<<<<I<<<I<<<<<<<<<<<  H<<<<<<<I<<<<<H<II<<<  I4<<<<<<<<  «<<<<■  H<<<<<<III<<I<  I<<<<<4<<<<I 


35 

« 

217.22 

4 

c.ss 

4 

3133.42 

♦-8.2S273 

II 

28S.84 

4 

I. Si 

1 

5471.37 

<-1.57938  < 

8.81437  < 

3t 

« 

2C2.ll 

4 

C.91 

< 

1137.51 

<-4.2tM2 

44 

288.89 

4 

M5 

« 

5471.81 

<-8.59915  < 

(.81449  < 

33 

1 

284.92 

4 

8.99 

4 

3144.39 

I-8.2E324 

44 

288.87 

4 

1.(4 

4 

5471.22 

<-8.59911  < 

e. 81458  < 

32 

4 

2CA.73 

4 

1.89 

4 

3151.43 

i-8. 28357 

II 

28S.87 

4 

1.84 

4 

5471.(3 

<-8.59937  < 

(.81439  < 

31 

« 

284.54 

4 

1.18 

« 

3I5E.24 

<-8.263S9 

II 

ECS . 87 

4 

8.84 

4 

5471.17 

<-8.5)937  » 

8.81437  < 

31 

« 

284.33 

1 

1.23 

4 

3145.74 

<-8.28424 

44 

288.88 

4 

8.84 

4 

5478.84 

1-8.59938  < 

8.81413  < 

29 

1 

284.18 

4 

1.39 

1 

3173.44 

<•8.28442 

II 

288.91 

4 

1.61 

4 

5449.98 

<-8.59313  < 

8.81471  < 

2D 

« 

285.79 

i 

1.54 

t 

3184.44 

•-8.2E5I3 

14 

288.98 

4 

8.15 

< 

54/8.85 

<-8.59911  < 

8. Cl 441  < 

27 

1 

285.39 

4 

1.73 

4 

3198.18 

<-8.28578 

44 

288.87 

4 

8.84 

4 

547 1. 15 

l-f.59938  < 

8.81419  < 

2A 

4 

285.81 

4 

1.91 

« 

ane.u 

<-8.28438 

44 

288.88 

t 

1.14 

1 

5449.98 

<-8.53938  < 

8.C1423  < 

25 

< 

2(4.41 

4 

2.11 

4 

3224.21 

<-8.28782 

44 

2(8.91 

4 

8.81 

1 

5449.57 

<-8.59911  < 

(.81443  < 

24 

4 

283.98 

« 

2.48 

1 

3244.48 

<-8.28799 

44 

288.91 

4 

1.85 

« 

5449.29 

<-8.59932  < 

1. 81435  < 

MHHHHMHMHIMHH<H<HHIHHMHHMHHHHMIMHHHHHM<HH<<M<H<MHHHHH<H<HHMHHMHH 


HHMHH<HHHHIM<IIHH<H<M<H<M<HHHH<I<H<<MH<HH<<HH<II<IIH<HIHH<HHHMHHHH<HHHHM 


SMORTRAMCE  PREDICTIVE  AEILITT  COMPARISON 
THE  DATS  PRESENTED  EELOV  IS  FOR  CASE  8  35  KICK  HAS  AN  OESERVED  VALUE  OF: 


Ztl.ff 


<MIM<<<<<MMMM<M<MHIMHMMMMMMIMMMMMMM<M<MMMM<MMMMMMMIMMMMM<MMM<<MIMMM< 


REDUCED  (lEARKINC  CURVE)  NOBEL 


<<  FULL  tClMJUTlVE  PRODUCTION  t  PRODUCTION  RATE)  ROOtt  < 


<  CASES  MM<<MM<MMMMIMM<<<<MMH<<MH<HMHMMH<H<<H<HMI<MMM<<<<MM<<<M<MMI<<M<<<<<M<<<M 

I  USED  <  PREDICTION  <  I  DEVIATION  •  ESI  El  <  ESI  Cl  «  PREDICTION  <  t  DEVIATION  <  ESI  M  <  EAT  tl  <  ESI  12  # 


<MMIMMMMMIMHMIMMMMMMMMMMMMM<MIMMMMMMMMMMMM<MMMMMMMMMMMMMMMMMMI 


31 

« 

219.24 

* 

(.83 

1 

3137.51  <-8.28292  « 

211.39 

4 

-8.19 

4 

5471.81  <-8.59945  <  (.81449  < 

33 

« 

289.14 

4 

1.92 

4 

3144.39  <-1.28324  « 

211.38 

4 

•8.18 

5471.22  <-8.59941  <  8.84458  < 

32 

« 

288.84 

4 

1.11 

1 

3151.43  <-8.23357  « 

'211.37 

4 

•1.18 

4 

5471.83  <-8.59937  <  8.84439  < 

31 

i 

288.47 

< 

1.18 

4 

3158.24  >-8.28389  « 

211.37 

4 

-8.17 

I 

5471.17  <*I.St937  <  8.84437  < 

38 

288.14 

1 

1.28 

1 

3145.74  <-8.28424  « 

211.38 

4 

•8.18 

» 

5478.84  <-8.59938  <  8.84443  < 

29 

1 

218.24 

4 

1.31 

1 

3173.44  <-8.28442  « 

211.41 

4 

-8.19 

4 

5449.98  <-8.59943  <  8.84471  • 

28 

1 

287.93 

4 

1.44 

1 

3184.44  <-8.28513  « 

211.48 

1 

-8.19 

4 

5478 .IS  <-1.59941  <  8.84444  < 

27 

1 

287.52 

4 

1.45 

1 

3191.18  <-8.28578  « 

211.37 

4 

•8.18 

1 

5471.1$  <-8.59938  <  f.SUt9  > 

ti 

1 

20.15 

« 

1.82 

« 

3218.44  <-8.28438  « 

211.38 

4 

•8.18 

< 

5449.98  <-8.59931  <  1.81423  • 

25 

4 

2(4.74 

4 

2.82 

« 

3224.28  <-8.28782  << 

211.41 

4 

•8.28 

« 

5489.57  <-1.59911  <  8.SU43  • 

21 

• 

284.12 

4 

2.31 

4 

3214.48  <-1.28799  M 

211.18 

•8.19 

4 

5449.29  <-1.59932  •  8.8U35  < 

23 

« 

285.37 

1 

2.47 

1 

3248.45  <-8.28914  « 

211.13 

4 

•8.21 

4 

5449.51  <-1.59917  <  (.84498  < 

MHMMMMMMMMM<M<MMMMMM<MMMIMMMMMMMMM<IMIMMMMMMMMM<<M<<MMMMMMMMHMM< 
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iiiMMKiiiiHiiMitiitHtimoiiMiiiiiMiimidiMiiiiHmiiiiittiiiiiiiiHHHiMiiiiMiimmmtmmmi 

•  skorirange  predictive  jittLiv  ostarism  , 

•  ik  CiiA  present::  celcu  is  for  case  t  u  wicn  ms  as  deserved  value  of:  sm.fi  t 

till  141411)11  tlllllim  111  III  1441 II 1141144111111  III  limltmillmmmtimillMH  1  4441  till  III  I  <  lilt  imiMtlllit 

•  *  *  KCUCEO  (LEARNING  CUF.VE)  MOEL  II  FULL  ICUSULATIVE  FKOCUCTIOK  t  PRODUCTION  RATE)  IS8EEL  i 

I  CASES  •H<IIHIIIMIIMM(«IIIIHI|IH4|l<IHIIIIIIIf4lllllillliH444||||||||||44|{|4l|tm«|4|4|)i|||(||||||||||| 


I  USED  t  PREDICTION  i  D  DEVIATION  i  ESI  It  ♦  EST  tl  n  FREOICTION  i.l  DEVIATION  i  EST  tl  i  ESI  Et  i  EST  £2  i 


Iitll444444444!l4444444444444444444!444444l4l4l444444l444444444444l44444lll44l!l4444llll44l444444lll444lt!ll 11141411 


33 

« 

211.12 

1 

I.3S 

4 

3I((.31 

1-2.20324 

It 

213.70 

4 

1.18 

I 

Si? 1.22  4-0.511(1  t  1.84452  4 

32 

\ 

211.12 

1 

1.(1 

1 

3151.(3 

4-2.20357 

14 

213.70 

4 

Ml 

4 

5*71.03  4-1.51337  i  8.34431  ♦ 

31 

« 

211.71 

« 

1.53 

1 

3150. 2( 

4-2.20301 

41 

213.77 

4 

Ml 

* 

5471.17  4-0.51137  4  2.S4S37  i 

32 

1 

211.53 

4 

t.S2 

4 

3145.74 

1-1.20(24 

14 

213.70 

4 

2.18 

« 

5471.01  4-2.51138  4  2.84S43  i 

21 

< 

212.31 

4 

1.73 

I 

3173. SS 

I-I.204S2 

II 

213.01 

4 

Ml 

1 

5441.18  4-1.51143  4  2.04471  i 

22 

4 

221.11 

4 

1.87 

4 

3104. (( 

4-I.20S13 

II 

213.01 

4 

Ml 

• 

5472.25  4-2.511(1  i  2.84444  4 

27 

« 

221.51 

4 

2. IS 

« 

3110.12 

4-I.20S70 

!« 

213.77 

4 

Ml 

4 

5472.15  t-2.51132  i  2.04411  4 

24 

« 

221.21 

4 

2.2( 

3211. SS 

4-I.20S38 

14 

213.70 

4 

8.18 

4 

5441.10  1-2.519:?  i  2.04423  4 

25 

4 

I2S.W 

4 

2.(3 

» 

3224.21 

*•2.20702 

II 

213.02 

4 

2.21 

4 

5449.57  4-8.51948  i  2.04443  4 

22 

« 

266. IB 

$ 

2.72 

4 

32(4.42 

i-f.20711 

4* 

213.81 

4 

Ml 

4 

5449.29  4-8.59932  •  2.84435  « 

23 

I 

217.(3 

3.17 

4 

3248.4S 

1-2.20114 

14 

213.84 

4 

1.22 

« 

5441.51  1-2.53147  i  2.84412  i 

22 

1 

22S.I1 

4 

3.51 

« 

3210.21 

4-2.21250 

41 

213.78 

4 

M2 

1 

5448.71  4-2.53922  i  2.04597  i 

1 14114 II 414  4444114114414144414444414441m  44444III4II4 14444444414114414111114111444414444414444144414441144441444444 


1 


I 


t 

i 


A 


•  'i 

i 


11144411414444441444444444444444444111144414444444444441444144414444444444141444444411444144444444444441144444444444 
}  SHORTRANCE  PREDICTIVE  AEllITT  COHPASISON  4 

4  THE  DATA  FRESEKTEO  BELOV  IS  EOR  CASE  F  33  WHICH  HAS  AN  OESERVED  VALUE  OF:  SIS. II  4 

4 41 4444144 4414414444444 14444444444441 1 1 4444144414444444414444444444444444444444444444414 4 44411 44444 1! 44 4 4 1444I44I444 
4  I  4  REDUCED  (LEARNING  CURVE)  KODEl  44  FUU  ICUSULATIVE  FRODUCTIOK  t  PRODUCTION  RATE)  KODEL  l 

I  CRSES  44444444144444444444444444444444444444441444444444444444444444444444414444444444144 4 444 4441444444 4444444 44 1 1 
4  USED  i  PREDICTION  i  1  DEVIATION  I  EST  21  l  EST  21  44  PREDICTION  4  I  DEVIATION  4  EST  Cl  4  EST  Si  i  EST  EE  <\ 
4444444441444144444 444 41 1 1 144444444444 4444 1 4 44 444444444 1 4444 444 444444444444 41444444414 4 4444444 14  444444*44444444414444 


32 

4 

213.14 

4 

1.33 

9 

3151.43  1-8.20357  n 

215.94 

4 

1.83 

1 

5471.83  1-8.59937 

<  2.04431  < 

31 

4 

212.15 

4 

1.41 

4 

3150.24  1-1.20301  « 

215.14 

1 

1.83 

i 

5*71.17  1-8.59137 

4  1.04*37  i 

-32 

4 

212.74 

4 

1.51 

» 

3145.74  1-8.20424  « 

215.15 

f 

5471.04  i-f.51138 

4  8.04443  i 

21 

4 

212.51 

4 

1.41 

4 

3173.44  1-2.20442  « 

215.98 

♦ 

8J1 

I 

5441.98  1-8.51943 

1  8.0447)  i 

28 

4 

212.22 

4 

1.74 

4 

3184.44  i-f.20513  « 

215.17 

1 

8.81 

5478.85  <-8.51941 

4  1.04444  l 

27 

4 

211.81 

4 

1.14 

4 

3110.18  i-i.20578  44 

.  215.94 

« 

M3 

f 

5471.15  *-8.51938 

i  2.04411  i 

24 

4 

211.(3 

4 

Z.t2 

4 

3218.44  1-8.20430  ** 

215.94 

4 

M3 

1 

S441.18  4-8.51138 

i  (.04423  | 

25 

4 

211.12 

4 

2.31 

4 

3224.28  1-2.20782  u 

215.18 

* 

Ml 

1 

S441.S7  I-I.S914I 

<  (.84443  * 

24 

4 

218.48 

4 

2.51 

4 

3244.48  1-8.20711  «< 

215.94 

< 

8.82 

• 

5441.21  <-8.51132 

<  2.64435  < 

23 

4 

281.45 

4 

2.14 

« 

3248.45  i-i.ZMM  u 

214.81 

1 

f 

5441.51  4-1.51147 

<  (.84418  < 

22 

4 

288.71 

4 

3.38 

4 

3218.21  <-1.21858  « 

215.15 

1 

8.83 

• 

5448.78  4*8.51128 

4  1.2(517  4 

21 

1 

217.31 

4 

3.11 

1 

3331.74  1-8.21254  41 

215.11 

« 

8.14 

« 

5447.12  4-P.SHI2 

<  1.84537  < 

44444441  IHM4IIMM4#f4IM4l444lttltMH444lfMIMIMIIII4HMIHH#MimM4444IM4H4HI4l#44l4AMMI44l44IIH4l4 
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4IH444  tHHHHHIHHMIHIIHHIHMMIHt  HHHI<<I<4M4HH<<I4  tM<4<<  4HH  4444  <MHM4M«MliH<44<44HIH44M 

I  SWRIRAKE  PREDICTIVE  ACILITt  CCRPAP.ISON  i 

4  IKE  K1A  PRESENTED  8ESCS  IS  FOR  USE  »  32  WICK  Kit  i*»  DESERVED  Visit  OF:  215. .»?  i 

444H<<H<H«<<HHM<H<<<HH«<MIHHM4<H4H4HI<<l<«M<H4<<H<HHtH4H4M4f4HHMII<H<<4«M4H<HHH< 

4  I  i  REDUCED  REARKltt  CURVE!  MSEC  44  FUU  (CURiLATIVE  PRODUCTION  i  PRODUCTION  RiTE)  NODES  4 

4  CASES  4I444444I44444III4II4I4<I4I4I4II4<<II<I44<4II44I4 41444444411114411411141444441114144444444 4444 III I If 4444 44 II 

<  USED  i  PREDICTION  <  2  DEVIATION  l  EST  S3  <  ESI  El  i<  PREDICTION  t  1  DEVIATION  i  EST  ED  <  ESI  El  «  ESI  SI  i 

I4<III<4II<II<44<I<I44<I<4<III4<IIIHII<4<I<I4<I<I<44II4HI44<4<<II<44<44I<I4I4HI<<<III<H<4HHII<I<IHI4II<II<III 


31 

t 

215.32 

4 

1.23 

4 

3156.24  4-1.28389  « 

217.95 

I 

1.82 

4 

5671.17  4-1.53937  <  1.84437  < 

3D 

i 

2IS.II 

4 

1.33 

1 

3145.74  4-I.2E424  H 

217.94 

4 

M2 

4 

5471.66  4-1.53338  •  1.84643  < 

If 

1 

2l(.8f 

4 

1.43 

4 

3173.44  4-1.28442  M 

2IE.lt 

Ml 

« 

5663.98  4-1.59943  <  1.84671  < 

2B 

« 

214.58 

4 

1.57 

« 

3164.44  4-I.2SSI3  « 

217.33 

4 

Ml 

4 

S67MS  <-(.53941  <  I.S4664  < 

27 

« 

211.18 

4 

1.75 

4 

3136. 11  4-I.2E57I  44 

217.94 

4 

M2 

5671.15  4-1.53331  <  1.84619  4 

24 

1 

zi3.es 

4 

1.92 

« 

3211.64  4-I.2S13E  <> 

217.96 

4 

M2 

1 

5669.38  4-1.59331  <  1.84623  < 

25 

« 

213.41 

4 

2.11 

4 

3224.21  4-I.2S762  « 

218.11 

4 

Ml 

4 

5669.57  4-1.59341  <  1.84663  < 

24 

4 

2t2.7l 

4 

2.43 

I 

3244.41  4-1.28799  44 

217.98 

4 

Ml 

1 

5669.29  4-1.59932  <  I.B4635  < 

23 

4 

212.13 

4 

2.74 

I* 

3246.45  4-1.26314  44 

218.12 

4 

-Ml 

4 

5669.51  <-(.59947  <  1.84691  4 

22 

1 

211.13 

•4 

3.17 

4 

3238.23  <-1.23158  « 

217.96 

4 

M2 

• 

5668.71  <-(.53321  <  1.84597  4 

21 

4 

2IM7 

4 

3.78 

4 

3333.74  1-1.23256  « 

217.93 

4 

M3 

4 

5667.92  4-1.59912  4  1.84537  < 

21 

4 

218.(4 

4 

4.57 

1 

3233.89  4-1.29513  « 

217.84 

4 

1.17 

4 

5664.33  4*1.53841  <  (.84339  4 

IIIIHH4HHII4l(H«l<4HI4IIIIHHIIH«HlflH«llflHHI«H4HHIHHIIIIIHHIH<HIH<H4HHH<IIHHHHIII 


IIIIIHIIHHIHIHIHH4II4HI<II<IHHII4IHIIH4HHIIIIHHH<HIHI<H4HHHIHHIIHH<III<4IHIHHH4<<HH 

'<  SHORTRAKK  PREDICTS  ABIUTT  COKFARISON  4 

«  THE  DATA  PRESENTED  DELON  IS  FOE  USE  t  31  WHICH  HAS  AN  OBSERVED  VALUE  OF:  III. II  < 

4<<4H<HHH4HHH44<I44<HHHH4444H4HHHH4HHHH444H4H<IH4H<4HH4<<HHHHHHIHIHHHHHHH4H 

4  I  *  REDUCED  (LEARNINC  CURVE)  NDDEl  44  FUU  (CURULAUVE  PRODUCTION  t  PRODUCTION  RATE)  RODEL  < . 

4  CASES  <H<4HHHH4HIHHHIH4HHH4HHH444444<4HHHH444HH44HHHH4HHH4HHHHH44HHH<H44HH 

<  USED  <  PREDICTION  <  2  DEVIATION  4  EST  El  <  EST  El  «  PREDICTION  4  I  DEVIATION  4  EST  El  <  EST  SI  <  EST  SI  < 

4444444444444444H<H44444444H444444HH44444HI4M444444444444444444444444444HH44<44444444444H444I4444444H4<44 


t 

31 

t 

218.11 

1.31 

» 

3145.74  1-1,28424  « 

221.12 

i 

-M4 

< 

5671.84  <-f.S1t3S  •  (.84643  4 

« 

2f 

* 

2I7.M 

1 

1.41 

f 

3173.66  <-(.28442  M 

221.14 

4 

-M7 

• 

5449.18  4-1.59943  i  l.8U3t  < 

< 

a 

1 

217.58 

« 

1.S5 

4 

3184.44  4-1.28513  M 

221.15 

1 

-M7 

• 

5471 .a  <-('.59941  4  1.84444  < 

1 

27 

< 

217.11 

• 

1.73 

t 

31f8.1l  4-1.28578  M 

ZZ1.I2 

« 

-M5 

< 

5671.15  <-1.59931  <  1.84419  < 

26 

f 

2U.I1 

« 

l.fl 

1 

3211.44  i -(.28428  « 

221.12 

« 

-1.14 

1 

5649.98  4-1.59931  i  1.84423  < 

< 

a 

* 

216.41 

1 

2.18 

4 

3224.21  <-1.287(2  H 

-  01.14 

1 

-M7 

« 

5469,57  4-1.59941  <  1.84663  < 

1 

24 

« 

2l5.7f 

1 

2.36 

4 

3244.41  <-(.287ff  « 

221.14 

« 

-M4 

1 

5469.29  4-1.59932  <  1.84635  « 

« 

a 

4 

215.14 

« 

2.71 

4 

3268.45  4-6,28fl4  M 

nt.it 

1 

-Ml 

« 

5449.51  4-1.59947  <  1.84491  « 

< 

a 

4 

214.11 

1 

3.12 

« 

3298. 2f  <-(.29(51  <• 

nut 

4 

•M4 

1 

5668.71  4-1.59921  4  (.**597  4 

1 

22 

1 

212.71 

• 

3.72 

4 

1339.74  <-*.29256  « 

ni.it 

« 

*4.14 

f 

5447.92  4-1.59912  <  1.84537  4 

« 

21 

* 

211.14 

1 

4.51 

« 

3393.89  4-1.29513  H 

m.H 

1 

-Ml 

« 

5644.33  4-1.59841  <  1.84339  4 

« 

If 

f 

218.76 

4 

5.54 

4 

3444.18  *-1.29853  M 

221.12 

* 

-Ml 

• 

5444.84  4-1.59849  4  1.84364  4 

M4H4H4444<HH4<HHHHHH4H44H444H44HH44<H4HHHHMHH4H4<44H44444HHHMH444HH4<44H44<HHH4 


HUM  Him  Ml  HHHHHHHIH  Ml  I  W<<HMIHMHII<HIHHMHI  I  IMtlMlimilMH  I II MMMM4MMHHMHHH  Ml 
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